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(57) Abstract 

An apparatus for the optoelectronic evaluation f test paper strips for use in the detection of certain analytcs in blood or other body 
fluids. The test strip comprises an elongated plastic part including a hinged portion to allow a first portion to be folded over a Mcond 
portion A scries of layers f test strips are disposed between the f Idcd-over porti ns of the test strip. Tht step sinp is confi^rcd such 
that the chemistry layers m placed in c ntacting Engagement with one anodicr, but not c mpressmg one another. A reflectance ph iometer 
is pr vidcd and includes various features, including a lot number reader wherein if the test strip does not match the memory module, a test 
is not performed, and the user is instructed to iiwert a c rrect memory module. 
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fcPPAPATtlS AKp MBTHOD F "" nRTERMTWING SUBSTANCES 

ffarKfiROUWD OF THR TWVEKTION 
The present invention relates generally to an ass&y Byotein 
for biological and nonbiological fluids. More particularly, the 
present invention relates to an apparatus for separating serum 
5 or plasma from particulate matter and then optoelectronlcally 

evaluating the serum or plasma In order to measure analytos 

within the serum. 

It has long been desirable to utilize devices that can be 
used for on-site testing of blood products. Particularly 

10 important is the analysis of body fluids from humans and animals 

to diagnose disease, monitor the course of therapy, or determine 
the presence of illicit drugs. commonly, the analytical methods 
used to carry out these objects are performed on blood samples. 
Clinical chemists have a preference for working with serum 

15 over plasma and plasma over whole blood because of the clarity 

of the sample matrix and the lack of interfering substances from 
the solid poVtion of the blood. In order to facilitate 
analysis,., a separation step must be carried out since the 
presence of .red .b^lpod, cel^s,^ either jot act or hemoJyzed 

20 interferes with the signal generated reaction 

performed by the test. 

: Conventionallyi the-separation of blood components has been 
V carried out by placing:»lo^d sample in a centrifuge and 
\ centtlfuging the sample; fer t|n minutes at a^prt^l^ately 3,000 
25 JVrpmd: The serum obtained: £r* this centrifugini,step is then 
used to carry out. the -t-e^t. fijus avoiding interferences from 
. blood solids such as' red- blood cells. ? 

:An embodiment f Sr^diiemiill tests called dry >^ag^nt strips 
was developed first fo^ urinalysis. Thereafter, varies efforts 
30 to combine dry reagent ^silrip^echnology in blood testing were 

; started in the early 1950. s. Notably, U.S. Patent No.. 3,092,465 
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discloses a reagent In' a bibulous carrier with a superimp aed 
semipermeable coating to exclude the chemidal and nonchemical 
interferences fr m red blood cells. The device, while 
performing analysis on whole blood, still" required additi nal 
manipulations by the user, in the form of washing of excess 
blood after a specified time interval. Additionally, U.S. 
Patent Nbai. 3,552,925 and 3 ,552 , 928 disclose the use of salts 
' and amino acids to perform in-sltu separation. U.S. Patent Mo. 
^4V477,575 tJisclosei the^ use of a glass fiber matrix. 

Hbre- rectentiy, membranes have been employed in a variety of 
devices^^ These Include devices disclosed in the following 
Unlted'Stites-ana' foreign patents and publications: U.S. Patent 
Hos. 4,774. 192' ana 5; i66';05l; European Published Applications EP 
0408222 Air EP 0^08223 Ai', EP 6^07800' =A2 and ^EP 0388782 ; and PCT 
■ ' published ' Appl'I'cat'i'6ns Hok. WO 93/224153- and wb'Wloaeg. The 
use of the various 'membranes disclosed in the above patent 
ddcuments operate 'on size exclusion principles, and several of 
these are limited by rates of capillary flow and do not 
completely; e.liminate Interference from intact or hemolyted red 
blood eel IsC Fresh red blood cells are elastic in nature and 
may pass throiSgh ^bres smaller than their nominal diameter. 
Hemolysis may occur on contact with some of the architectural or 
chemical component^ of the strips. Consequently, errors may be 
Introduced into the measureroenfe system. ^ 

- U:s. patent HO.- 5,104.619 discloses a, disposable diagnostic 
system comprising a test, card having a substantially flat body 
and a 'generally cylindrical' reagent pad pocket formed In a 
central area of the Wt bodyv A reagent chemistry pad is 
disposed in the jiocTcet and a snap fit cover is received in th. 
pocket and arranged ove„ the pad to retain the pad in position. 
The device size and configuration allows for bar code graphics 
to be printed on the underneath side of th device. The bar 
code may contain lot specified data about the reagent chemi.try. 
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and read by the meter during device, insertion. This data may 
further, contain critical parameters foe the software algorltha 
wlthln.the meter electronics. . U.S. Patent Ho. 5,139,685 also 
discloees a separation :f liter, as.sembly having a .snap fit lid. 
5 . .In this patent, glass, .fibers are util-lze.d-,and nsaintalned in a 
= compressed state .under .presjs.ure'. r- . ; r • ■'. 

Aooprdlngly, a need iexlste f pr an Inte^raM.d Bystem for 
asBaylngiBnalytes- and, whoj^fi b^^^ not affected 

by;thevChemical or phys4,p9l..lnt.er^^^ caused by red 

10 blood cells and other, portions o.f , wh.9,l,e., bj^ap^ . 

. ■ SUMMARY. OF THE I ^VEWTIO^_ , , , 

, The present Inyentlo;?,, v ^n^ong^.f o^p^^her^p^^ a dry 

. solid phase diagnostic .tgs^^strlP jand.jS 
-. ,ei;>zymatiiQ, and/or -ii^muijologipal blood 
15 r ay. lapalKt^es, comprising 11 ref leqta,rjce_phQ^om^tf r. a. solid 8uppor.t 
strjtp, poro.us detection 2one.,,member , . a permeab spreading,^ 
layer, an overlay sample receiving, meraiaraije contpining an agent 
for the exclusion r;Of Intapt red , blood c?el Is ^aiid,, 9, strip- 
receiving platform for .positioi^lri^g the ^^.^^^^^^^ the 
20 reflectance photometer;,, ;T^e . detection ^^ea m^i^ibr^ne may contain 

chemical, enzymatip. a.nd/or iii^mMnolpgiqal reagents that generate 
. Kspecific signals in, the prese^nce o^^^ The 
.agent, in.contact. with tb^ oye^iaA'. wem^^^^^ 
and hemolysis of red. blpod,,cells.,whil,^ fj^ciUtating rapid 
25 - - transport and reaction of the pMsma.,or sei^uin portion of 
, .ijttrbduced' whole. >lood t&ampleja.. ^; .: r -. 

in addition, ■*he,.pres,ent,Ji^^^^^^ thereof, 
' . comprises a- reflectance photqi^pter, which qtllUes ,.test strips 
that are dolor- ooded . for LtesfcrdKf^^^^^ example, a 

30 blue strip ^«ay= indtcate a glucose, test, whereas a. red strip may 

indicate a cholesterol r^teat.- o The^e colorB, are then divided into 
Shades such as 64 shades .of , blue equal to 64 lot numbers of 
glucose strips. ' The photom ter Includes a separate optical read 
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head that determines the color arid shade of the base of the test 
strip device as the strip is Inserted into the photometric 
instrument/ The shade is converted into a lot number ranging 
from 1 to 64. The instrument also has a memory module 
5 ^ (preferaialy an electrically erasable programmable read-only 

^ ' • Tiiemory) that has a corresponding lot number to the shade of the 

strip to ensure lot number verification. The instrument then 
compares the' inserted memory module programmed lot number to 
■ ' ' ^ensure that it is the siamW lbt number ak the test strip. If the 

10 strip lot number does not match the memory module lot number, 

tlie test is not performed, and the user is instructed to insert 
the correcfc 'memory module. 

The fot number verifl^^ the automated coding 

of lot numbers so that the ^user does not need to enter a lot 

15 code for each vial of strips. This' preventis the running of the 

incorrectV 'c>'l<ir "or expired lot number tests in the instrument. 

The "plug-in memory" of the module includes the lot number 
of the test strip/ the eVpiratlbri date, and the performance 
crifeeria forf the actual strip measurement. The performance 

20 criteria include the wavelength, measurement algorithm, and 

iinreacted density qualifications necessary for a valid test 
result. 

The optoelectronic measurements of the chemistry test 
reaction on and in a surface enhances thie dynamic range of the 

25 dry phase test. Algorithm^ that read at different wavelengths 

at different times inthe chemistry reaction can extend the 
dynamic range of the test system. This is particularly 
applicable when using multiple chromb^>hbres in a single 
measurement system, "t^^ early portiibn of a chemistry could be 

30 read at the peak wavelength of a reaction, while the later 

portion or darker or more dens portion of color development 
c uld be read at a wavelength not near the peak of the color 
development. In addition, different chrombph res may respond in 
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a more linear manner In different portions of the dynamic range 
of the chemistry. Manipulation of these two data points can 
significantly increase the dynamic range (in mg/dl) of a 
chemistry reaction. 
5 The optoelectronic measurement of the chemistry test 

reaction on and in a surface reduces error due to orientation 
the surface to be read to the instrument. Multiple wavelengths 
and different angles are used to correct possible problems in 
positioning the strip in the Insjtrumen^ . _ I f ^th^^ is at 

10 "0" angle and the emitters of t,he same or di« wavelengths 

are at different ^angl^s (e.g., pne„at 4PV^and qpe at 50*), the 
tilting of a surface will ppsltiyely .^c^n^^^^ one reading 

while it will contribute, in a negative manner to the other 
reading thus It is able to cancel the error presented by the 

15 angle presentation of the surface, %ese same 

methods can be used t:o eliminate Interferences fr^^ substancea 

such as bilirubin and .others. _^ , •• ; ' " 

The optoelectronic measurements of the chemistry toot 
reaction on .and In the, surf ace. enhance the s^^^^^^ of timed 

20 and untimed dry phase chemist Algorithms are used 

to determine the "end poip.t", of a chemistry. In other words, 
measurements can be done at similar or dissimilar wavelengths t 
predict, the. stable . porjtion o^^^^ 
. kinetic measurements are^ made 
25 subjected to an algorithm , tp determine that th^ is Blow 

enoygh to declare the extrapolate chemistry at an end or 
/ . completion, / when Isno^^^^^ and predicted by this 

y ^pseudo-endpo^nt.. the same meas^j^^^ criteria can be applied to 
unknowns to determine the ^endpoint-' of the test reaction. 
3d . The use of colored or shaded visual indicators in the 

instrument enhance the interpretation of test results. A 
colored bar graph is used to aid the user in knowing when the 
user test results are in a normal or safe range. Out of range 
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colore such as" orange for, caution and red for .danger are used 
when results ar outside the green "safe", range, This is 
particularly useful to new testers who are not familiar with the 
number scale of the different test resiilts, A voice module can 
5 also be used to warn the user of unsafe results or peration of 

the. Instrument system, to make the system usable >y the visually 
Impaired by providing, for, exampl.e, a sound beep for each unit 
of glucose during a glucQse test.. 

. . .5 ; PB T^P "ESC- prpTTOW OF TItE PRAWXNGg 
10. , -Fig. ,1; iS: a, perspective view of the reflectance photometer 

in ac,cor,dance. with an embodiment, of the present invention; 

Fig, ,2,is.,an exploded perspective view of the plastic test 
atr,ip of present. invent_lpn. l^i its unlocked position ; 

Fig. 3 is a perspective .view, of, th^ plasU^^^ of Fig. 2 

15 , ^ .in its^ locked . posA,t ion; and . . . . , 

. . ..Fig., .4, is. a. sectional, view of the plastic strip; 

Fig. .5 is a.block diagram Bcheraatic of one embodiment of 
tha-reflectance photometer. of the .present invention; 
., ^ Tig. 6 . is a graph plotting ^ample sire, elapsed test time 
20 . .. .and. pe^^centage of, reflectance illustrating how endpoint 

. determinations, may.be.utillred^ to . speed .chemistry measurement. 

. m accordance, with the embodlmei^t of the present invention, 

the diagnostic. chemistry measurement device 10 for dry solid 
phase Chemical, enzymatic, immunological assay of whole blood or 
sera analytes is .made, up -of an injection molded carrier test 
strip 20.in which several porous and nqnporous materials 
. containing chemicals.and reactants are contained for the purpose 
. of generating a .detectable signal .in the presence of certain 
analytes. The test strip 12 is inserted into a reflectance 
. photometer... The.reaction material layer on the test -trip 12 I. 
held in intimate noncompressed contact with a whole bio d 
a paration. layer in the absence of adhesives f r the purpose of 
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providing a liquid samplis' free of red blood della to the 
reliction layer or'layers.- 

The holder test strip ^12 of this invention acts as holder 
for the different layers of the test reaction system. It 
pr6vidds a convenient handle as wdll as' a mechari for placing 
teat strip ir into ^h instrxSme'ni io for the reading of the 
density changes of the reWdtii^ort liyeirs. As' Whbwn in Fig. 2 test 
strip i2 includes an eit>ngaieVbo^ 16 preferably formed by 
injection Wldihg;- ElWgatW body 1^^^^ includes a first end 
portion 18 and a secbncf ena- portion 2dv^^-* portion 22 is 

located between first and" 'i^e^^^ iiiid^ fend pbrtions 18 and 20 so 
that first end 10 is f bltfii>i'^^ "c^ver ' elb^ 16 into 

^contact witk second' enS ibr^^ 

As shown in Fig. 2'' f irst end pbrtldn^^^^ a opening 

' 24 'while iecohd end fibrtion 20 ihcluaes^ a cbihplementary spaced 
opening 26. Wheh fir^t enS portion l6 is folded over body 16^ 
each openinr24 and 26 aife Aligned. - In^ its folded position as 
shown in Fig^: 3 bpenlA^ 2 4 in test-sti-ip 12 defines an area for 
deposltihg a bbdy fluid 'sample While^bpenihg 26 defines an area 
in wJilch dptbelfectronib^measureinehtsHof chemistry test reactions 

are conducted. ' - '.- =- 

Test strip 12 further includes an adheslveless carrier 
layer 14 foffiied frS™, for example;- three particular layers. In 
a standard dlAbnoStic- test ^trip^>^^ »«y include a 

•disbursement iayet 2ff. formed^ of for exartple .woven materials 
such as^ pdlyeste^ or cbt'tori/^rbr rtfpid and even .disbursement of 
body fluid aloftg carrier^ nayerU4;i-Beneat be Included 

a separatirig^ 'lkyer 3b constructed! of known materials such as 
shown In^abie'iX infr«i; that? wh6n exposed -to a sample liquid, 
may separate af»alyt arid giiaiyte -disrupting elements such as red 
blood cells from whole Bloodi- This action would permit the 
serum anaiytes to pass thirough separating layer 30 while 
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preventing r d bl od cells r other analyte disrupting elements 
fi^om passing thr ugh. The last layer shown In Fig. 2 Is that of 
the test reaction membrane 32 on which the dry chemicals and 
reactants are contained for generating a visible signal in the 
5 presence of serup analytes. Molded carrier body 16 serves as a 

support for the reacting and nonreactlng layers 28, 30 and 32 
which nay be formed from papers, membranes and deles materials. 

' ' The test strip holder 12 positions the different layer 
materiais 28, 3l/ 32 within the holder the correct X, Y, and 2 

10 ^ * ^ axis posit Carrier layer 14 made up, for example, the 

di^^ test reaction layers 28, 30 and 32 

are held In noncompressed adhesiveless locations by first end 
portion ie folding over to second end portion 20. This may be 
accomplished in a number of different ways. The preferred way 

15 ' of honcompressihgly hoiding carrier layer is of an upstanding 

annular rim 3 4 may help locate the carrier layer 14 within test 
Wtrip 12 i Additionally, small upstanding protuberances 36 along 
second end portion 20, radially located away from opening 26 
prevent movement of carrier layer 14. The purpose of both 

20 annular rim 34 and small upstanding protuberances 36 is to hold 

' * the layers of carrier layer 14 without compression between 
opening 2 4 Vnd opening 26, thereby preventing pooling of any 
sampi^ within carirler la^er 14. This consideration of 
noncbmpres^ion ot the barrier layer 14 is of greater importance 

25 when larger numbers of layers are utilized. The positioning f 

a carrier layer 14 without adheslves or compression allows for 
^efficient transpibrt^ of feamp^ rWactints contained in the 

system arii test strl^/ i2V ' Anriular rim 34 or alternatively other 
areas of test strip' 12' indlude sawtooth ptxstriislons to 

30 Increase flow rate through carrier layer 14.. 

Test strip 12 Includes a 1 cklng mechanism to prevent any 
unlocking of front end porti n 18 from Its folded p sition over 
elongated body 16. As shown in Fig. 2, one type of locking 

8 
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nechanlsn may include a plurality of upwardly extending tabs or 
projections 3B that interflt or lock Into corresponding openings 
40 in first end portion 18. When first end portion 18 is folded 
to second end portion 20, lock projections 38 will interflt and 
5 snap lock within openings 4 0. Other types of one way locking 

mechanisms may also be used, such as snap rivets. 

More than one test reaction system can be housed in a test 
strip 12. A second set of holes 24, and 26 may be included in 
test strip 12 so that two tests may be run at once. 
10 The described holding mechanism allows fqr the rapid 

separation of whole blood into its liquid and. sqlid components. 
It also allows sample volumes as low 2.0 microliters to be used 
in dry phase chemistry reactions. Test strip 12 allows the use 
of several reaction and non-reaction lasers. A typical holder 
15 could contain from 1 to 8 layers of material with thicknesses 

from approximately 0.002 inches to 0. 007 inches for example. 

Chemicals and materials are eipployed to allow for the 
treatment of samples such as whole blood, which will allow the 
whole blood sample to be separated without disrupting the red 
20 blood cells while rapidly moving the liquid portion of the whole 

bipod sample to one or more reaction sites in th^ holder, 
normally, on a test reaction membrane 32. These chemicals can be 
composed of polymeric^ and nonpolymerlc, substances that are dried 
onto one or more surfaces of the materials contained in the 
25 deyice holder. Additionally, light metal s elements such 

as Potassium, Lithium, Spdium, apd Calclurn may be utilized to 
treat red bipod cells before and during ^t^e separation process. 
The materials which may bemused in the holder for treatment by 
or containment, of these chemicals can be composed of woven, 
30 nonwoven, napped, or flocked materials. 
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' A wide variety of analytes can be determined by using the 
disclosed apparatus. Examples are given in tables I and II, 
infra * .... 
5 Further r given the small size and robust nature of the 

reagent strips and instrumentation ^ analyses need not be limited 
to traditional clinical laboratory settings. The device of" the 
present invention is also simple enough to be used by people 
.Lwith minimal or no cheix:ical or medical technology training. 
10 This advantage allows use at home, or by mobile health care 

delivery people. Examples of this are diabetics that must 
■ monitor;- themselves for glucose and ketone bodies, patients on 
: home dialysis Who: would benefit by monitoring of urea nitrogen 
V , arid people endeavoring' to lower their cholesterol levels. 

15, - Further, by 'combining. several different reagents on a 

single support, a panel of tests may be done. : . Excimples of this 
• would' be a vliver panel consisting of ALT, AST, Alkaline 
Phosphates. A diabetic panel might consist of glucose, beta 
hydroxybutryrate and glycated hemoglobin. A coagulation panel 
20 might consist of Prothrombin time, ACTT, and ACT. 

FAMILIES OF AKALYTES BY STRUCTURE 



Table I 



Family ' r * 


Examples . 


Carbohydrate ' - 


glucose, lactose, galactose 


Nitrogen Hoiety ' 


urea nitrogen, creatinine, ..uric acid 


Lipid' ^ 


cholesterol, triglycerides, LDL, IIDL 


Enzyme i 


ALT, AST, Alkaline Phosphatase, CPK, CK-MB 


Hormone" - - 


- HCG, LI! 


Therapeutic Drugs 


theophylline 


Drugs of: abused 


cocaine, marijuana, barbiturates, 
salicylates 


Electrolyte 


Na''. k\ Cl", Li*, CO^ 


Nucleic Acids 


infectious disease, forensic appllcatl ns, 
genetic dis rders 



10 
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FAMILIES OF ANALYTES BY DISEASE 



Tablg II 

Disease 



Examples 



Diabetes 


glucose, beta hydroxybutyrate, hemoglobin 


Liver problems 


ALT, AST, bilirubin: 


Acldosis/Alka losi 


pO^, pco^r pir 


Hypertension; 




Nutritional . status 


Ca Mg^?, :2n"*^!*'c, ;tr a ca .minerals 



. Examples - . -.J "■ ^ - ^ ■ • v-i .:vM>3: 

- The following Illustrative exampXeB-^i-eiich' various 
combinations' of buffei?s;u dyfes;,' -stabilizers., and mother reactive 
. . and -functional lcompQnentscWhich:jmay :be: co^^ by a person 

■ .>ha-vingr.ordin^r.y skill In the iaptdnto ^the .system test reaction 

Table IX gives various types- of.* dyes and indicatorst used in 
diagnostic reagents. v ^^.-Ln - ni 



0 



Example /l 

Glucose raeiasurihg "system^ ^ 

TABLE III 

Inoredlenfc ' Function 



Amount ^ : : Available from 



Glucose- o^xidase 


reactant ^. 


.-y 25,000 


- .Sigma Chemicals, 
St, Louis, MO 


Peroxidase 


reactant 


-75-, b-00 

t 


Sigma Chemicals, 
St:.; .Louis, MO 


Sllwet: 7500 - 


'siirf afcfant: : 


< jo.ioml 

i 


Dowr^cornlng, 
Midland, MI 


PVP K 30 


ensyme 

stabll.lEer.^rl 


p^ogros 

S \ v.:trr \ . 


..ISH,1 Linden, MJ 


citric^ Acid 


Buf f er:>; J urn-, 
system -vj / I r 


ij. 25gins 


Aldrich Chemical, 
Milwaukee, WI 


Sodium citrate 


Buffer . f 
system 


t O.lOml 


P,ow-Cornlng, 
Midland, MX 


DOW 1520 


antlf oa'm : 


i. OOgms 


Aldrich Chemical, 
Milwaukee, WI 



< 

A AAP 


cniT u m Qp n o £^ e 


0 - 2 Sams 


xidrich Chemical, 
Milwaukee, WI 


3,5 DCHBS 


chromophore 


0,25mgs . 


Boehringer Mannhein 


Distilled II^O 


solvent 


QS to 100ml 





Preparation: ' Approximately SOml of distilled HjO was placed in 
a beaker on a stirring plate. A magnetic bar was added and the 
ingredients added sequentiaily after the previous gradient was 
dlasolvea and dispersed^^ all Ingredients were added the 

■ . ... i ^ ..... . 

volume was adjusted to 100ml of distilled lljO. 



Bxanple 'f'^ • -'l^J \ . .. 

Trigiycerisie's measuring iBysjben 

TRIGLYCERIDES > FATTY ACIDS 

GLYCEROL -K-ATP -'?^f ""^ '^'""^ L - ALPflA - GLYCESoPHQSPHATE + H^Oj 
H O* '+ 4-AMINOANTiPYRINE + DCHBS ESS^^^^ QUINOHEIMIME CHROMOPHORE 
TABLE IV 



Ingredient 


Function 


Amount 


Available from 


Cholesterol esterase 


reactant 


15,000 units 


Shlnko-American, 
N«Y«, H«Y» 


glycerol kinase 


reactant 


5,000 units 


Shinko-American, 


glycerophosphate 
oxidase 


reactant 


5,000 units 


Shinko-American, 
N.Y. , N.Y. . 


peroxidase 


reactant 


5,000 units 


Shinko-American, 
H*Y«, H«Y« 


4 AAP ; ; 


chronogen 


l^OOgm 


Aldrich 


3/ 5 DCHBS - " ' 


chroHiogen 


'0.25gm ~ 


Doehringer 
Hannhein 


MES - " ' 


buffer 


2. SOgm 


Research 
organics 


PVP K30 


stabilizer 


O.SOgm 


ISP 


glucose 


filler 


2.50gm 


Sigma 


triton X-100 


surfactant 


0. lOgm 


Boehringer 
Mannheim 


Distilled II.O ^ 


B Iv nt 


QS to 100ml 
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" Prejparatipn: . Same as/examR^ /I 

Example 3 _ - 

Cholesterol TneaBuring' system (alj. aiapunts. approximate) 

lABLELY .1 : . 





Ingredient 


Function 


Amount 


Available from 




Chblesteroi Oxidase 


re acta nt ' 


10, 000 

3 C r:> > *i 


Shinko*American^ 




cholesterol esterase 


reAp^tJ^nt 




Shinko-American, 
N.Y. ,N. Y. 




sodium -phosphate ^ 
0*5 M pH 7.0 


buffer 


750 ml 


Dow-Corning, 




B • S « A • 


surfactant 


15 gm 


Aldrlch Chemical, 




peroxidase 


reactant 


17 0, OOp 


Shinko-American, 




DOSS 


.surfactant 

■-- 'V "* t " - ' ■*' ' 




Doehringer 
Mannheim 




satirise 


stabilizer 


i . 6 gms 


Sigma Chemicals, 






chromogen 


10.0 gms 


Aldrlch Chemical « 




biytil4ed ll^O 


solvent 


QS to 100 ml 




Preparation:^ same as. 


example /I 

















Alternatively , , the chrbmpge an organic 

solvent matrix and treated as a first or 2nd application to the 
membrane . or paper. . r. z ' : 



. , Ingredient „ 




_ Function 


Amount - 


Available 


from 


Ace tone/ methanol 


1:1 


solvent — . 


100m 1 


Aldrlch 


Tetramethyi 
bene'zidine . . . 


solvent 

chri>mogen„„. . 


1. OOgm 


Biosynth 
Chicago, 


Inc. , 
IL 



Example 4 - ; . 

Blood Urea .Nitrogen Measuring System 
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TABLE Vil 



Ingredient Function 



Urease 


raactant 


V 


solvent 


Bcoitithyinbl"^ blue 


chromogen 


pvp k*9o'' ' ' 


film former 


Fructose^ ' 


filler 



Preparatlbri:* Same' aa^ experiment /l. 

'Jt'ypeg of Tndlcators , . . 
Chromogenic substrate , 

, Reflox. r., . ... 

Leuco dyes 

Oxidative couplers 

Benzidene Derivatives . 
Fluorescent labels 
Dye releas^ing system , 

TqM^ IX " ^ ' 

Separation inechanlsms used in dry reagents 



* Chemical 


Physical 


Mechanical 


DextraW ' 


hydrophliic- polymers 


centri f uge 


kugarW ' ' ' 


porous* latex films- 


filters 


lectin" " 


polymer swelling 'agent 


filters & pressure 


amino acids * ^ ^ 


membranes 


membranes & 

differential 

pressure 


PEG/polyacrylate ' 


micrbfiber cloth * 


wedge shape 


thrombin 


napped cloth 




gels 


sihtered p r us matrix 




coagulants 


density gradient 




agglutinating - 
agents 


glass fibers 
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amine polymers 


hollow fibers 




trlvalent cations 


membrane 





^ Sb'ectroDhotometeif " 

The present invention also includes use" of a 
spectrbphotometric device '10 for determihii^g the density of the 
color reaction on* and 'ih\ the membrane surf ac^^ of the test 
5 reaction layer 3 2 within' test str ip 12 .* Photometric device lO 

as shown in Fig. 1 includes a handrhel^ hpuglnjg . ?0 for 
containing electronic control circuitry for operating the 

r T 'i' V r-, t i - 

aforementioned tests. In the embodimenf'^hbwh ih' Fig. 1, a test 
strip holding region 52 is located'^ a&ov^ detectors 
10 or sensors 54 each disposed witliln a port 561 biiring test 

operation, a test strip 12 is inserted ihto holding region 52 so 
that test strip openings 26 are located adjacent ports 56. 
Light sensors may take a reading from light reflected from the 
exposed test reaction membrane layer 32 or from test strip 12 
15 itself to determine its color. 

Housing 50 further includes a* speciiailied^ display device, 
such as a liquid crystal display 58. Display 58 is utilized for 
relating test, results and .other, information to the user. In_ 
. particular I a color spale 60 is used to facilitate 
20 interpretation of ■ test results Topera ting concurrently with 

digital display segmpntsr 62 . ,Ad^^ segments on 

display 58, Include a test ya to Inform 

the user to wait while deyipe^ 
\tcsts, and a test name segment 66 which the unit determined from 
2S "/,Vthe'type of test strip "^l2VJt^ 

Color scale 60 may easily IVy con of 
shaded or colored Begments" arra adjacent each ther to f rm 

a bar graph like indicator J jsiectrica controllable segments 
68 are oriented over the color or shaded segments bo bhat when 
30 segments 68 are. activated segments 68 become dark, preventing 

15 
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...certain colored orshaded segments 60 fro« being visualized or 
viewed. Segments 6B that are not activated permit the 
, underlying colored ^or shaded segntents of color scale 60 to be 
visualized. Jn this way it is possible for. an electronic 
5 . . control to permit only a single colored or shaded segment to be 
viewed thereby communicating test results, ' 

.possible result range spectrum for color scale indicition 
\ segments may include particular colors witht particular test 
_ . . reBult meanings .such as: t ^ 

Very high ^result danger , RED ' ' 
^ high result danger, , RED , 
hig|i,.J!result, ^ 
r'hlgh result caution, YELLOW . 
.high norraal .result, GREEN : - 
15 normal. result,, GREEH.- i • ; ^ . 

. normal result, GREEN; - ^ ^ r - ^ 

,,lpw normal result, GREEN 
. .- low result caution, YEL^^ 
low result caution, -YELLOW 
, very lowrresult danger, RED 
color scale 60 permits an unsophisticated user to instantly 
visually determine., in one, embodiment. .If a. test result is 
, normal (a green segment visualized, , slightly abnormal (a yellow 

segment visualized, or: dangerous high- or low result (a red 
, segment visualized,, .Alternatively, if a color liquid crystal 

display is utilised,. the.electronic. control for test unit 10 may 
. directly indicate ^a colored • segment . rather.than covering all 
but one colored „&egment. 

A suitable: instrument., such as a .diffuse reflectance 
, spectrophotometer .xo,. with, appropriate sof tware, can be made to 
automatically read reflectance at certain points in time, 
calculate the rate of reflectance change, end by using 
. calibrati n factors and software, output the level of analyte in 



20 



25 



30 
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the Jlluid tested. * The electronlG control mechanism of 
photQraetrlc unit 10 iis-^sfiown in schematic forn in Fig. 5. One 
or more >light sources '70, for example hfgh ^intensity light 
emitting diodes (LED) aVe ^disposed 'in housing 50 to illuminate 
5 test strip 12 as shown 'by arrows -72. :A light detector or sensor 

54, for example a photo transi'stoV ; is' able to take a reading of 
light: reflected either from the - surf ace^of" test atrip 12 or from 
; its associated test reactibn membrane 32; Light source 70 and 
light sensor 54 can be adapted ^to^^erieVate or respond to 
particular wa^e'length^^f ^I'ight.''^ ' 

Sensor 70 transmit^la- sigl^a-l^'tb *art^^ 74 as is known 

in the art, Onie -type of amplifi^^ for use is, for 

example, a linear^ integrWt^-* circ^^ wftich converts the 
phototransistor tturrfent^ tb^'^ ' vo'rtag'e signal. 

Appropriate electronic cirfcuitrj*'''*i6-util^i2ed to take the 
output of amplifier 74 / -normally 'a sSmplie' and hold unit 76, and 
transfer the signal to an ahalog-to^digital converter 78. 
Analog-to-digltal ddnverter ' takes the^ aria^log voltage output from 
the sample and hold 4jhit W and cbnveirts 4t to, for example a 16 
bit binary digital number- upori^ ^command of- a microprocessor/ 
microcontrolle^r unit 80 . ^' ^ ' * *^ ^ . - 

Preferably ah ielectronlc m^icro'probessbr /microcontrol ler 80 
utilizing digital iritegrated circUitry-iS used tb time selected 
tests, > read signals, and ttogetli^er With associated programs and 
data memory=^82v calculate and* store reflectivity valves and 
calculate anaiyte" levels=^from the^ stored data > ^ ' 

•Additional information 'for p^rticui^t'^teits -inay be stored 
in a removable EEPROM unit 8 4 ^^Sp^r^lSl^ ^connect%id to 
microprocessor /microcontroller 'do unit 84 is an 
interchangeable plug-Jin WeinbPi^ -tabdule rcontalning' measurement 
parameters, software; call^br«^tton datai, and reagent recognition 
data for particular test :»trips 12 . i Additionally,: EEPROM unit 
84 contains the sftelf life data and Identity verification 
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InfomatioR for particular production runs or lots of test 
■ ^(Strips . 12..- ^ ' ■ ' ^ . 

5 Automated lot coding is d no by the color coding the 
plastic material used to make the test strip holder 12, The 
5 ^ color used jin test strip holder 12 preferably has 16 different 
densities that; can be distinguished by at least one of the 
wavelengths used invthe optical sensor head 54 of instrument 10, 
' r' for. instance the dynaTnic range of the % ref lectances of the 
rai v4 .. strip .holder .color ,;COUld .^be> as f ollows: Uo: determine the 
b. . dif ferent . shades, of color,, density : ■ . , 

, %Reflectenc© . r r %Ref lectanea : Lot / 

Green LED Red LED 

65 2 

■5 ■ ■•' ' . ■ '• 5,5 ;\r"--i,/' : ■•. i> • f .^cv 3". . 

50 4 

40 6 

• ■ , ... 35:;:/:.-r^ - ^ ri ^ r / T ^ - > " 

0 30 8 

' ^ ^ ^ :; 5 9 

65 10 

^ - . ; : --^ :c.^cr :; > 60. , • , - . ; ■■ 11 

55 12 

' r ■ i^' , • - 50 ■ ^ > 12 

45 14 

" . - ■; ■ : ^ . . 40: - • , . • ■■ 15 ' - ■ 

35 16 

As the strips 12 are inserted into device 10, the instrument 

detects a change in the measurement area« This change indicates 

' that a strip 12 has been inserted into the instrument 10, As 

the instrument detects the insertion of a test strip 12, it 

reads the densities of at least one of the LED*s and calculates 

the lot number by the above table. instrument 10 then goes to 

the EEPROM port connected to microprocessor / microcontroller 60 

which has an EEPROM unit 84 inserted. Instrument 10 checks to 

see that the . EEPROM preselected lot number is the same as lot 

number of test strip 12 that had! been inserted into the 

instrument. If the lot numbers are the same for test strip 12 

and EEPROM 84, the instrument downloads the information 

contained in the EEPROM and proceeds with the test analysis. 

18 
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* The: Instrument 10. reads /the density^ of the' unreacted strip to 
assure quality of the strip before the tast. is' initiated, if 
quality is passed then the > instrumissfit ^ Instructs the user to 
' ^ :apply a .sample. " ^ • *- • 

. 5 ^ / A . sample is then applied and ^Ihstruinent' 10 begins a 

..^measurement* cycle to tenstire ^that the proper arfount of sample was 
, applied to .the test strip; "When the ititetrument has determined 
that enough sample ^ has- 'beenr ^'appl led > i^t the rv goes into another 
cycle, to^ measure the end ^o?f 'the*tt:h'emi'str When the 

10 end of the chemistry ^feaictl on has*^-6fecUrred?'^ then^'the inst'rument 

measures the final density and compares it to a measurement 
algorithm .stored in EEPROM-^Uhie^^'OI . Thte -measufement algorithm 
then determines the concentration of the test to be measured by 
comparing; the measured density (darkness) of the color formed 

15 and comparing this density number to a table of values through 

the use of an algorithm stored in the EEPROMf unit B4. 

After a particular test- strip is selected and placed in the 
unit, a sample, normally a whole blood sample from a fingertip 
or from a pipiter tip (which 'fcould have gotten its sample from a 

20 tube of blood as in a laboratory type situation) Is applied to 

the sample application spot, opening 24, on test strip 12. A 
dispersement layer 28 causes the sample to quickly spread over 
the entire area of carrier layer 14. The separation layer 30 of 
the test strip spot is allowed to separate out the solids (red 

25 blood cells and other analyte disrupting elements) from the 

liquid (plasma or sera or other analyte containing portion) . 
The separated fluid, i.e the plasma, sera, or other analyte 
containing portions, moves to the test reaction membrane layer 
32 below the separation membrane 30. The above fluid migrati n 

30 causes the reactants (analytes such as glucose) in the sample to 

come into contact with the reactants in test reaction membrane 
layer 32 . 
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15 



20 



25 



30 



Analytes/ fluid contacts reagent layer reaction 32 and 
initiates an appearance or disappearance f color, depending on 
its particular reaction; The above presentation of analyte to 
the reaction layer 32 causes the desired reaction to ccur. 
This reaction causes a color change that can be detected both 
visually and by the instruwent. The color change is then 
convertedUnto a digital result on the instrument LCD as 
described above. A comparison color chart can be used to 
visually determine areaction quantity scale as In litmus paper. 

- v r Instrument 10 can use different wavelengths at different 
density ;pGrtions of the reaction to maximize the dynamic range 
of the chetRlstr-y^and' the. -limits fa the Instrument at a 

particular- wavelength.'" - 

The "end-point" of the reaction is defined' as' a point where 
there appears tb be no change or a very^ small" change in density. 
That Is,^ the chemistry changes color proportional to the 
concentration of the reactance that has come into contact with 
the reactanee materials in the test pad (membrane). This small 
amount of change can be a change per time period. An example 
would be as per the graph^ in Fig. 6. Detailed information used 
to generate this graph is that the changes per 5 second time 
period during the beginning of the. test reaction would be 
greater than 5% reflectance per 5 second time period. When this 
change is ^less- than 1% reflectance per time period It can be 
said that the reaction is complete or at an endpolnt. The 
instrument stores this percentage reflectance at this time and 
uses as above to determine the concentration of the. analyte 

tested for in' the cest strl^^^^ 

The KubelkV-Mbhk equation of K/S-(l-reflectance)' divided 

by (2 X reflectance)-t:an be used to linearize the percentage 
reflectance vkiues.' This linearlzatlbn simplifies the algorithm 
necessary to calculate results. This pseudo endpolnt chemistry 
allows a more stable read time, which in turn allows for a more 
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repr ducible answer* Pseydo endpolntsr/olso permit a more rapid 
assay, to be perf ormed^:. Certain other glucose monitoring systems 
Incorporate pre-determined ritiming circuit .This pseudo endpoint 
- allows for a different method -to r^be used :in measuring chemistry 
5 . reactions, provided- one can ,:determl;ne; the:.jendpoint of the 
chemistry by ,a. method other , than Ltiming-*, ; t . . * 
. , Multiple ^wavelengths are )U;s^ed• to enhance^ the dynamic range 
, of, ^a, chemistry . r Thisr ls-parlpicula^^^ uses a 

multiple .chrpmophore indicator . sy.st^m,^ as ^do : ^pm^ the above 
,10 , mentioned .chemistries. Earjly port ions-, pr-: lo^? concentrations of 

a test such as glucose :Ci%^ use aobi^pad .^i^£l>ng&^^indicator such as 
TMB to increase sen^ljtlfi^i^ of the 

chemistry. When the test concerrtratiqi^; ts higher or the 
. , . , reactlpn;^f asterv ja^^^ focused upon to 

15, : .^.de;t^rmlne - more-^dynamicv rang^ rthetn; the ;pr:.e^t:JLpus. chromophore. 

- - '.This.:allow^' one- to expands the,, dynamic range by two differentVv- 
•methods .■ ' :i !; • :, mi J i^o^ r :ur^ '"t: vs:' - 

pne .can also ;Use wavelengths on,; the- peak.: ^ dynamic 
range and wavelength? -of f the - "peak Voabsprbanee ipf_ the test 
20^ system to enhance or reduce^ dynamic range and also to enhance or 

reduce the Vpseudo endpoint^ algorithms. .^Manipulation 6f these 
four factors, .chromophQre A>i chromopbore >D> : wavelength 1 and 
;wavelength 2 can allow opne to: better idefine the^"pseudo end- 
point^' algorlthmi and „aleo allow onei^tp ;Optlmi?e the dynamic 
25 range ol the. chemistry which in f turn allows ,f or . increased 

sensitivity thiroughout rthe cliemistiry Teac^^ with greater 

" precision- ■ " ^ • • : ^^-'i -i^-u 'r.'^r^t vr ^^.--.J^. - 

Multiple wavelengths qan ^^aj^s^o Jt>e used with, different angles 
of eiriiesioA- to correct possible rp^rpbleiro^ the 
30 strip in: thev inStrumejit, IfM^^^® ^M^^ctpr. Is .,at "O" angle and 

the emitters af the same or^;dif f ererifr vavelengths are at 
different angels (one afe 40 ^ ""^^^ P"^® ot a 

surface will positively contribut to one reading while the 
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other contributes in a negative manner thus cancelling the error 
presented by the angle presentati n of the surface. These same 
measurements methods can be used to eliminate interferences from 
substanc s such as bilirubin and others. When the angle of 
light Incidence is increased. from improper positioning of a 
chemistry read surface to the instrument optics, errors of both 
gloss and angularity are introduced into the measuring system 
and can give false low readings. 



gy^WPleff 

Indicators and chromogens advantageously used in combination 

a. wide range pit test 

Dromothymol blue and methyl red covers pll range of 5 

through 9 

b. 4 amino antipyrine + 3,5 dichlorohydroxybenzene 
15 sulfonate (4AAP+3,5 DCHBS) 

c. TMB+Chromotropic acid 

d. Syringaldazine + Vanillin Azine 

2. Color coding for test and lot identification 

a. blues, 16 different shades (density) 

20 b. reds, 16 different shades (density) 

c. greens, 16 different shades (density) 

d. yellows, 16 different shades (density) 

e. oranges, 16 different shades (density) 

f. browns, 16 different shades (density) 
25 g. magentas, 16 different shades (density) 

h. light blues, 16 different shades (density) 

i. light reds, 16 different shades (density) 
j. light greens, 16 different shades (density) 
k. light browns, 16 different shades (density) 

30 1. light magentas, 16 different shades (density) 

m. cyan, 16 different shades (density) 
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n. light cyan, 16 different shades (density) 

It will be appreciated that the foregoing is presented by 
way of illustration only, and not by way of any limitation, and 
that various alternatives and modifications may. be made to the 
5 illustrated embodiment without departing from the spirit and 

scope of the invention. 
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WHAT is' CLAIMED IS: 

i/ A dlagn stic test strip for use in an analyzer for 
measuring analyte in a sample, said test strip c inprising: 

an elongate body including a first end, a second end, 
and a hinged portion between said first and second ends, said 
5^ first end being foldable over said body, said first end and said 

second end each having an opening that are aligned when said 
first end is folded; and 
* ^ an adhesYvialess carrier layer disposed without 

^ ^ " compreosion b^^^^ end and said body whereby sample 

10 communicated to said carrier layer is prevented from pooling 

within said carrier layer. 

2. The test strip of Claim 1 in which said carrier layer 
^ includes a separating layer^that when exposed to a whole blood 
sample excludes Ved blood cells from passing therethrough while 
allowing the iiquid portion of the whole blood sample to pass 

5' therethrough. 

■ 3. The test strip of Claim 1 having a carrier layer 
utilizing samples in the range of 2.0ul to lO.Oul to generate a 
reaction to accurately test a selected analyte. 

" 4. ' '-The tesV strip of Claim 1 in which said carrier layer 

includes: 

a separating layer that when exposed to^ a sample 
■ " liquid' having both anilyteb and analyte disrupting elements said 
5 separating layer excludes said analyte disrupting elements from 

passing therethroiigh whii4' allowing the analyte portion of the 
sample liquid to pass therethrough; and 

' a' tesi rMctiori membrane adjacent said separating 
layer that creates 'a "gradient color ^dependant on the 
10 concentration of selected analytes ih the analyte portion that 

had passed through said separating layer. 

5. The test strip bf Claim 1 in which said carrier layer 
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Includes a spreading layer over said separating layer to cause 
sample to substantially evenly enter said separating layer. 

€• Th test strip of Claim 1 in which said carrier layer 
nay test more than one analyte at one time. 

7. The test strip of Claim 1 in which said body includes 
a locking means lock together said first end and said body. 



8. A diagnostic test strip for use in an analyzer for - 
measuring analyte in a sample, said test strip comprising: 

an elongate body Including a first end, a second end, 
and a hinged portion between said first and second ends, said 

5 first end being foldable over said body, said first end and said 

. ^ - ^ ; ; .v^T.". •v-^'-!'j;t> I: . '^.r^ wc- :) rio : ^^yi'^^^'^cr . 

second end each having an opening that are aligned when said 

first end is folded; 

. ... ^ . r-i / 1-: " -jl'iir siiizr: ^r:'' 

an adhesiveless carrier layer disposed between said 

-k::^ l. I - ' -'7.*':'r\y ^- n^^ri'^; :;vn.7 'jr-^cr r-' * " (-'v^* - 

first end and said body of said carrier layer whereby the 
i--jr, r" p^ri T..'n 1:2 '-r:'-;: ':^r:.iiO 1 r: 

0 accuracy of measured analytes is increased; and 

non-compressive means holding -said carrier layer in 

place between said first end and said body whereby pooling of 

. ' • , ' v.: :: -"^T - c 

sample within said carrier is prevented. 

9. The test strip of Claim B in which said non- 
compressive means comprise protrusions to locate said carrier 
layer in place whereby said carrier layer is maintained in known 
locations along the X, Y and 2 axis. 

10. The test strip of Claim 8 in which said non- 
compressive means comprise sawtooth protrusions to locate said 
carrier layer in place whereby said carrier layer is maintained 
in known locations along the X, Y and Z axis. 

.11. The test strip of . Claim 8 in which said separation 
layer is treated with light metal salts to reduce red blood 

cells in the sample. ... .. .. ■ 

12. The test strip of Claim 8 in which said first end 
folds oyer said carrier layer and locks to said body causing the 
layers of said carrier layer to be in adjacent c ntact without 
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edheoives of conTpresslbn whereby ef f icieht si^p^ratlon f red 
5. blood cells from plasma in whole bl od samples: ' 

* - 13. The test strip of Claim 1 further comprising a tab and 
an penlng one of which on said first end the other n said 
, second end so that when said first end folds intci contact with 
said body, said tab interfits with said opening to lock said 
5 - f Irst -^end with',-said-" bodyv- ' . ' - 

' T^. v A' chemistry measurement system comprising: 

a test instrument with a light source" and light 
.^i :-f sensor^i -i . v.-^i',r.ori< L . 

i :^ V : 1 3 cWagriost ic test strip for use in analyzing a sample, 
5 an elongate bodyilncludlng a first end, a second end, and a 

hinged portion between siiid^^ first and second ends, said first 
. ; : . .endhbeing Voidable, over saiS^'bodyv said first end and said 

J second end each having ^ an opening that Care Aligned when said 
first endrls folded, - said test strip having ah adhesiveleas 
10 carrier layer; disposed without compression between said first 

end and said body, said opening adapted to receive said sample; 

an electronic control for computing particular test 
results on light incident on said light sensor that was 
reflected -froTn^sald^'test strip; and 

^ = display^means: for displaying said test results. 

15 . The • measiurement system' of Claim 14 in which a 
plurality iof ^test strips are utilized for particular chemical 
tests, said test strips color coded for identification of which 
said particular' chemical test said test strip is operable. 

16. The measurement system of Claim IS in which a 
plurality of test strips a" utilized for particular chemical 
tests, sald^ test strips color coded for identification of said 
particular chemical test 'for which said test strip is operable 

5 and lot designator, said light sensor sensing said col r of said 

test strip when said strip' Is inserted into said test Instrument 
and Bending a coded signal to said electronic control, said 
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electronic, control determining the typo of test' and lot 
designator of inserted test, .strip, and denying test operati n 
10 ^y\91} designator is -not within predefined limits. 

17. A, chemistry measurement) system Claim 16 in which 
said system tests for more t^an one analyte with a single test 

. strip. , , : . ' - - ' . ' - ■ ^ - ' ^' 

18. A chemistry measurement .^^ystem comprising: 

, ^ a test instrument, rwithr.a. light source and light 

senspri;__ i y : r ■ -i:,- * -T.r.r; :*-^f.:^ ; 

a color coded diagnostic test 6trip.::for use in 
5 analyzing a sample, ^ald^^ strip havU^ng^^ians elongate body including 

a first, end, a seconds eiid>nj^nd/:a!Thiii^ portion^ between said 
, first and- second .ejF\5|s>t spl/Jp. f4^^ foldabie over said 

. .b^ody,. said^first endo^ndi said >secondj:.ertd teach having an opening 
- H:^t^?^^p2?rj^e aligned-w^ien-saidr.f irst '.^n:d 'is ':fo: test strip 

10 . . . _ , haying ?in carrier flayer ^disposed /vithdcufcicompressio^h between 

, said f irst end anjd. :S:aid^ body , rsaidr fiirsfc end opening adapted t 
. receive -said sample; -i"; '. ^ ^. I' - ^ 

aa electron:i:C control -for computing particular test 
results on. light incident ■ on, said. light sensor that was 
15 reflected from said test strlp^ . sa idr control ideterminlng from 

said color of said teptf strlP; if ^said test strip is from a 
.particular production ,lot^ saldocontrol -operating said test 
. . . operation only if saidttest sferipi'ls jrom -a preselected 

. ..prodmction.^lot;- -and ' .V..: :;cl'-v::.r n^sj ''jtz^ 

20 > ^ , J display me^ns for d is|5 laying said test ^^^r^^^ if said 

test is; COfTidupted;* .;t.:::v-V'C -i^rr:-.: :;; -c . 

19. _A chemls.tr>5 measuremtftvtr^sy.fttejtn comprils,ing;: 

,a test. instrumjBnt ,wit|v a- llg^^^^ source and light 
sensor,,said Id ght source^. .emittijig multiple angles and 

multiple- wavelengths;. ci . v ^.n n- * 

S . a diagnostic test. . strip for use, in analyzing a sample, 

said test: strip comprising an elongate body Including a first 
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end, a -second end, and a hinged portion between aaid first and 
second ends, said first end being £ Idable over said body, said 
test strip having an adhesiveless carrier layer disposed without 
10 compression between said first end and said body; 

an electronic control for c mputing particular test 
results on light Incident on rsaid light sensor that was 
reflected from said test strip; and 

... display means; for displaying said test results. 

20. The chemistry measurement system of Claim 19 in which 
, r said electronic^ control includes a removable erasable 

programmable read only memory unit containing lot number data 
^ and expiration 7dat a for particularly chemical tests. 

21. A liquid crystal display matrix for a hand-held 
chemistry measuring system, said display matrix comprising: 

a display screen having a plurality of shaded segments 
arranged adjacent each other; 
5 a plurality of controllable segments disposed within 

said screen oriented over said shaded segments, said 
controllable segments preventing visualization of said shaded 
segments when activated and permitting visualization of said 
shaded segments when deactivated whereby results from said 
10 chemistry measuring system are communicated by visualizing 

selected shaded segments. 

22. The liquid crystal display of Claim 21 in which said 
shaded segments are aligned in a line forming a substantial bar 

graph Indicator. 

23. The liquid crystal display of Claim 21 in which said 
shaded segments are colored to indicate selected results from 
said blood chemistry measuring system. 

24. A method of testing analyte in a sample comprising the 

steps of : 

providing a chemistry measurement system having a 
light sensor, test display, colored diagn stic test strips for 
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5 usj3:.uin ^nalyzing^a sample; each said tast strip having an 

adbesivelesB carrier 'layer attached vlthout compression to said 
;tes^':St^ip; >r~-'ir. ^- , \ . 

f selecting a test '^trip 6f a 'predetermined colbr for a 
. predetermined test;: ; ^: „, : ^ - ; 

10 ; . depositing a test sample dri the 'carrier layer of the 

selected test 'strip;! ^ ?=; : r:;*.'- '..f^:: '.i 

- •^ b> V inserting' saixl. test ^strip' dnto said measurement 
* system;..,::. 7 .^.:7? \' ^ ■.'.:.'^i*.r.r' f^'."' - ^ *' • 

. ^. operating saldi measurementi~systera to- conduct the 
15 predetermined ;;test ;. and^;-/;], v/r-r- j ^; icctrt^j^; o y v : 

displaying itest 3^esultstoncBa'i^d.xt^st display. 
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APPARATUS AND METHOD FOR DETERMINING SUBSTANCES 

CPKTAIWED IN A BPPY FLVID 

BACKGROUND OF TffE INVENTION 
The present invention relates generally to an assAy syetem 
for biological and nonblological fluids. More particularly, the 
present invention relates to an apparatus for separating serun 
5 or plasma from particulate natter and then optoelectronically 

evaluating the serum or plasma in order to measure analytas 
within the serum. 

It has long been desirable to utilize devices that can bs 
used for on*site testing of blood products. Particularly 
10 important is the analysis of body fluids from humans and animals 

to diagnose disease, monitor the course of therapy, or determine 
the presence of illicit drugs. Commonly, the analytical methods 
used to carry out these objects are performed on blood samples. 
Clinical chemists have a preference for working with serum 
15 over plasma and plasma over whole blood because of the clarity 

of the sample matrix and the lack of interfering substances from 
the solid portion of the blood. In order to facilitate 
analysis, a separation step must be carried out since the 
presence of red blopd cells, either intact or hemolyzed 
, interferes with the signal generated by the chemical reaction 
performed by the test* 

Conventionally, the separation of blood components has been 
. carried out by placing a; blopd sample in a centrifugci and 

centrifuging the sampler/f or : ten minutes at ajpp'roximately 3,000 
. rpms. The serum obtained from this centrifuging step is then 
used to carry out the^ test, ../^^ avoidin<^ interferences from 
blood solids such as red blood cells. 

An embodiment for chemical tests called dry , reagent strips 
, was developed first for urinalysis. Thereafter, various efforts 
to combine dry reagent: atrip- techn logy in bl od testing wore 
started in the early 1950's. Notably, U.s. Patent N . 3,092,465 
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discloses a; reagent in a bibulous carrier vith a superimposed 
semipermeable coating to exclude the chemical- and nonchenical 
interferences from red blood cells- Th device, while 
performing analysis .on whole blood, still required additional 
5 manipulations by the user, in the form of washing f excess 

blood after a specified time interval;. Additionally, U.S. 
patent. Nos. 3 , 552 , 925; and 3 , 552 , 928, disclose the use of salts 
and, amino acids to perform in-situ separation. U.S. Patent Ho. 
. 4.>47T>575- disclosesr tha\U38.of a glass fiber matrix. 
10 More recently, v membranes Have been employed in a variety of 

devices ;;^These include disclosed in the following 
United jStates^-and-^foreign patents and publications: U.S. Patent 
Nos.„ 4,774,192 and 5>166/051; European Pu^^^^ Applications EP 

0408222 Al, EP 04 08223: Al,r 2Pr 04 07800 A2 and EP 0388782; and PCT 
15 . :PublishedvApplications Nbs, WO, 93/22453 and Wo 90/10869 . The 

use of ; the various membranes disclosed in thai above patent 
docjiments operate on; size exclusion principles, and several of 
rthes® are limited by rates of capillary flow and do not 
completely, e^liminate interference from intact or hemolyzed red 
blood cells. . Fresh red blood cells are elastic in nature and 
may pass thrbugh pores smailer than their nominal dianeter. 
HeiROlysis may occurs on contact with some of the architectural or 
chemical components of the strips. Consequently, errors »ay be 
introduced Into, the raeaaurement. system.' 

U.S. Patent No;. 5, 104,619 discloses a disposable diagnoatio 
system comprising a test card having a substantially flat body 
and a genera lly; cylindrical reagent pad pocket formed in a 
central area of ^theiflatr body. A reagent chemistry pad is 
disposed, in] the. P9clcetiand a .snap , fit coyer is received in the 
pocket end arranged , over the pad to retain the pad in position. 
, Tb device sire and configuration allows for bar code graphics 
to be .printed on the underneath. Bid of th device. The bar 
code may contain lot specified data about the reagent chemistry, 
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an* iB read by the metec during da/lcs rlnsert ion. Thla data nay 
further- contain critical- parameters for the software algorithm 
within themeter electronics; U.S. Patent No. 5,139,685 also 
discloses a.separatlonfilter assembly. having a snap fit lid. 
■> ln = !this patent, glass fi'bers are utilised and maintained In a 

- . compressed state under' pressure'.-' ' - 
r Accordingly, a^need exist 8^ i^^^^ 
assaying anaiytes; and: whole' blood samples which are not affected 
by , the, chemical or phyalcalMnterf®rchces. normally caused by red 
bipod cells and: other portions. of -whole blood. 

- ^The present invention, -an iohe -form comprises a dry 

splltj phas.e 4iagno^tiq ;tegt -sitrlpuand system for the chemical, 
«"*y"a.tlc»- and/Lor, ;lmmuno,logicam* analysl blood 
. rl>?^alyte8,. cpinprlsing -a reflectance: photometer, a solid support 
- *trlp, .a porous detection, zone member; a^ perineable spreading 
layers an overlay sample receiving membirahS containing an cigent 
for the eyclusion of intact oredlblood cells and a strip- 
receiving platformrf or positioning the strip inside the 
reflectance photometer.:. The detection area membrane nay contain 
chemical, enzymatic, and/or immunological reagents that generate 
specif ic signals in- the presence of. a target .analyte. The 
agent , in contact with the, joverlay membrane, prevents passage 
and hemolysis of red blood cells while 'facilitating rapid 
transport and reaction? of the: plasma or seruni portion of 
introduced whole blood samples; ; • - ; ■ . . , 

5 Ih' addition:,: the -presBhttinventiojt>i«i one form thereof, 
comprises & 'reflectance' photoihiater whichr atilizes test strips 
that are color coded for test di'fferentl&tlohi For example, a 
blue strip-may indicate a glufcose^test, whereas a red strip nay 
indicate a choiester 1 tci£it.' These c 1 rs are then divided int 
shades sucH as 64 shades f^telue equal t 64' lot riunbera of 
glue se strips. The ph tbraeter includes -a Separate optical read 
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head thai 'deicrftinca the color and shade of the base of tha teat 
strip device aa the strip is inserted int the ph t «atric 
lhstru«e=ht. The shide is converted int a lot number ranging 
from 1 to 64. The instrum nt also has a mem ry m dule 
(preferably an electrically erasable programmable read- nly 
memory) that has a corresponding lot number to the shade of the 
strip to ensure lot number verification. The instrument then 
co^parii. the inserted "memory module programmed lot number to 
ehAurfe that It is the same" lot number as the test strip. If the 
stri^, lot nu^tber does nVt' match the memory module lot number, 
thd €kst is not performed, iind the user is instructed to insert 
the cdri'ect memory module. 

Th^^lot A,imber vretlf icatlon allows for the euteaated coding 
ot l^t nli^be^s BO th^^^ the useV does not need to enter a lot 
code #i,r «cW viai of strips.'" This ^eventi the ^ of the 

n^lor^4^tV^^;' or elcpired lot number t^sts in the instrument. 

The "plug-in memory" of the mbdule iiicludee the lot number 
of ih^ tik '^trii.. the expiration date, and the performance 
criteria' lot: th4 actual s'tHp -easurement. The performance 
crlteiia include the Wavelength, measurement algbrithm, and 
unreaoted density qualification, necessary for a valid test 

result. 

- The optoelectronic measurements of the chemistry test 
reaction on and in a surface enhances the dynaiio range of the 
d^y phase test. Algorithms that read at different wavelengths 
at different times in the chemistry reaction can extend the 
dyna^iW rerigi. of the test system. This is particularly 
applicable when ^I'sin^ -ultlpie chromophores in a single 

i- ' iJi-' ^' nortidn Of a chemistry could be 
measurement system. The early portion * 

■■ read at the pe^R wa;ei;ngth of a reaction, while the later 
portion or darK^ or^»or. dense portion of color development 
could be read at a wavelength not near the pea,c f the color 
develbpment. In additi n, different chromophores may respond In 
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\^?' .^A^^^r^nt P of the dynamic range 

. . ^^^^^^^^y; Manipulation of these two. data points can 

significantly Increase the dynamic range (In.mg/dl) of a 
chemistry reaction. 
' The optoelectronic measurement of the chemistry test 

reaction on and In a surface reduces error due to orientation of 
the surface to be read to the Instrument. Multiple wavelengths 
and different angles are UM^ problems In 

^^^'^^Pf ^^^^^P^F'^r^'^Pr yi ^ ^l^^a^tBator is at 
"O" angle and the «"itters of tr»e sam^ wavelengths 
are at '^^^^V^^"^'\n^J^sjB,g,, onB at /fpV^jncI pni? at 50»), the 
tilting of a surface Positively coii one reading 

while it will .contr4^ute,in^^ negative manner to the other 
reading thus it Is able to cancel the error presented by the 
V^?}.^ ^".^"^ip" °f the surface., These same measurement 

?° Interferences from substances 



such as bilirubin and others. 



The optoelectronic neasuj chemistry tost 

reaction on ^and in th^ surface enhapce the stability of timed 
and untiroed dry phase| chemistry r^^ Al^qrithms are used 

to determine the "end point'^of a cJ;iemlstry._ In other words, 
measurements can be done at similar or dissimilar wavelengths to 
predict the stable portion or end point of a chemistry. if 
)cinetic measurements are made, the kinetic readings can be 
subjected to an algorithm to det^^ that the rate la slow 

enough to declare the extrapolate chemistry is at an end or 
completion. When known standards are run and predicted by this 
pseudo-endpoint, the same measuring criteria can be applied to 
. "^^.^noy^ to determine the "endpolnt^ of the test reaction. 

The use of colored or shaded visual indicators in the 
inatrument enhance the interpretation of test results. A 
colored bar graph is used to aid the user in knowing when the 
user test results .are in a normal or saf range. Out of range 



colorB..uch as orang. for caution.and red. fpr..d-nger are used 
When results ar outside.the gr«en rsafe., ran^e. This Is 
particularly useful to new testers who are not familiar with the 
number scale of .the different test results, A voice « dule can 
.ISO be used tp warn the user of uns.fe results or peration of 

«-« make the system usable by the visually 
ths instrument system ^o piake cne sye. , , . 

L lAi^r. examole, a soun<? beep for each unit 

impaired by provljllng, .. f or example* - . « 

of glucose during , a glycose ,test . .. , : / . 

ppTRF DESCBlETIgM- OJ: TMR PHft^IMSS 
' " Fig; \ isla perspective view of the ref lectance photometer 
in .ccordance ,with an embodiment of the present invention; 

' Fi^. ^i. an e.P,l.oded perspective view of the plastic test 
strip of presentllnventio^ -locRed position; 

P^V'a is a perspeptl>^^ vJeK of ^^e plastic strip of Fig. 2 
In Its l!>oked. po,»l*lon;5»nii . ; - . ,:-,-r i 

' .1... ,.rtlon.l ,vi...of„«,f., Pl»?tl? .trip; 

' th. r.tl.et«c. ,ph=to,.t.r of th. pr...nt lnv.»tlo„, 

,1.. 6 .1, . ,r.ph piottin,. ..-pie 

.™.:p«rc.nt.,e,ot r.tlect.nc. iUustr.tln, h=- .ndpolnt 

..tlUied to speed clie»lstry MMureiMnt. 
dcteinlnatlons may be MtIll»«o lo |. 

OP THr ppmrfrp niBoniMturr 

X„ .ccord.no. -itb tn, ..b«.l..nt, of the present Invention, 
tb. dl.,no.tl. oH..l«rv »e..ure..nt d.vic. .0,,or dry .oUd 
p..,e cb..lc.I. en.y..ti.. i.«.»o»o,io.I ...ey -hoXe «ood or 
„r. .n.»yt„..is,..<.. UP .O' - Injeotlon .olded- crrUr t..t 
. .trip « ln«M,oh ..ye,.l porou. .nd.npnporou. ,.terUl. 
, ccnt.lnln..b..i..»3..nd. „,ct.nt. „e., oont.lned .or tbe purpo.e 
or, ..cretin, ,.*.f^*,«.,.l.n.X..lo tb.,pre,enc. or certain 

. «. ^ «trio 12 iB Insertecjanto a reflectance 
analytes... > Ths .tps^ atrip 12 , . ^ ^ ^ i. 

laver on the teat strip 12 !• 
photometer. .The reaction material layer, 

^»n«-Act: with B whole blood 
held in intimate noncompressea contact wit 

- 4 t.he absenc of adhesives for the purpose of 
B paration layer in the absenc o 
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providing a liquid sample free of recS biood cella t the 
teVct Ion layer or layers I ' ■• - ^ 

-■- '-^ Holdfer ^ " - ' 

The holdet test etr'lp 12 of this Iriverftibh acts as holder 
for the different laj^ers of the test Veadtlon system, it 
provides a donvinleht h^^^^^ well as a »echai»ls« for placing 

test etflp 12 Ihto aii Instrument 10 for th^^ i-eadlng of the 
density changes or the ^aakl<,n'ikmB.''-i^' ihai,n In rig. 2 test 
Btrlp 12 Includes an elong^it^' bi^dy 16 preferably formed by 
Injection molding. Elongated body 16 Inciiidea a first ^lid 
portion 18 and a second 6rtd Wtldn 2df^ 22 
located- betWen- •flV"«t? S^d"k£^ni "^ild ihd^drtions la and 20 so 
that first end IB Is Wllj'aiif^^ i„to 
contact ■- wTth &'^bbWd''e'n^-2^^^^^ 

As Shown in Pig. . it *W¥'<poM%h^ iV includ.. a opening 
• 24 «lim^^i.6fei4d'-Sna^- p^brtlStt'- ad--infcl6ai.S, a'?fc&mplementary spaced 
opeiJin^ 26: ^^'When' fiifst end po^^^ o^^^ bc^^ 

ea^h 'djienin^ 24 arid ie -^e^aUgnedr - In its ifolded position as 
showh in Fl^. 3 opening 24 in t^st strip l2 defines an area for 
depositing a body fluid samplg while opening 26 defines an area 
In which optoelectronic measuiremerits of chenltftry test reactions 
•are conducted.' ■ I V5. jr • 

Test strip' 12 further Includes an' adhiWlveless carrier 
layer 14 formed frbm, for exiample • three particular layers, m 
a- standard diagnostic ^test rftrf p^^^^ cwrlet' layer 14 may include a 
aisburseiheht layer 28. f ormed Vf for example WbVen materials 
such as polyester Or cottonV' f or r»i>ld ahd even disbursement of 
body fluid along carrier^ layer i4V « Beneath may be Included 

a separating layer 30 constructa^-^ of known materials such as 
shown in Table IX Infra, that; whfeh exposed to a- sample liquid, 
may separate analyte anii aifialyte disrupting e laments such as red 
blood cells from whole bl odv 'fhls action would permit the 
serum analytes to pass fchr ugh separating liiyer 30 while 
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lb 



15 



26 



25 



30 



preventing red blood cells or other anaiyte disrupting elenents 
fr „ passing through. The last layer shown in ?ig. 2 is that f 
the test reaction membrane 32 on which the dry chemicals and 
reactants ar; contained for generating a visibl signal in the 
presence of serum ana lytes. Molded carrier body 16 serv s as a 
support for the reacting and nonreacting layers 28, 30 and 32 
which Uy be formed from papers, membranes and deles materials. 

The test strip holder 12 positions the different layer 
„ateriais 2^, 31. 32 within the holder the correct X, V. and Z 
'axis posit ionsV cai^rier' layer 14 made up, for example, the 
disbursement Separating and test reaction layers 28, 30 and 32 
ar^^heia in^on^ompressed adhesiveless locations by first end 
portion ;^8't;;iding over^£o second end portion 20. This may be 
accomplished in a W^mber o^' different ways. The preferred way 
of nonc.«npi^^^si^ly l^iding" carrier layer is of an upstanding 
annular ri^^^ ,.iay help locate the carrier layer 14 within test 
strip iL^ ' m^^^ up^tancling protuberances 36 al ng 

second end portion 20, radially located away from opening 26 
prevent ^^nt at carrier layer 14 : The purpose of both 
' annular rim -34 and small upstanding protuberances 36 is to hold 
' th^ layers 6f carrier layer l4 without compression between 
opening 24 and open 1 fig 26. thereby preventing pooling of any 
sample Within cirrier layer 14. This consideration of 
^oncompre^sion 6^ the darrier laye. 14 is of greater importance 
when larger riumb.rs of layers af. utilized. The positioning of 
a carrier l-yeV 14 without adhesives or compression allows f r 
Efficient transport of .emple .nd re*.ctants contained in the 
sy^em .nd test stWji l2. ' Annular hir^ U or Alternatively other 
kreis bf testsi^ip protrusion, to 

increase flow ViWti^rou^h' carrier layer 14.. 

Test strip 12 includes a locking mechanism to prevent any 

elongated body- 16. As shown in Fig. 2. ne type flowing 
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nechanlsiB may include a plurality of upwardly extending tabs or 
pr Sections 3B that interfit. or lock Into corresponding openings 
40 in first end portion 18. When first end portion 18 is folded 
to' second end porti n 20, lock projections 38 will interfit and 
- snap lock within openings 40.' Other 'types of one way locking 

mechanisms may also be used,' such as snap rivets. 
, , in a test 

^""r^:^^: . ^^i°^>^?\^^yi^'''r'!^,?X'^^y^ Included in 

^^'K-'T-f " tl^^t««t« may be run at pnee. 

The desorlbed holding Bechanlem all w^^^^ rapid 
separation pf Whole blood into Its^^ components. 
It also allows sample volumes as' low 2.0 microliters to be used 
In dry phase chemistry reactions. Test strip 12 allows the use 

°^ ^f1c^°'r5^'»^V?"^»r*'':^V A typical holder 

. .,r ^^: ^'^°^^.}^yf'■^°S:^^ thicknesses 

: ' 0.002 inches to O^.'oOT example. 

. materials are employed .to allow for the 

treatment of aamples. suc^ as yhole bloody whic^ will allow the 
. whole blood sample to be separated without disrupting the red 

blood cells while rapidly moving the liquid portion of the, whole 
blood ^ample to one or more reaction sites in the holder, 
normally on a test reaction inemlDr^ne, 32 . , These, chemicals can be 
i . ^o^POsed of polymeric ar>d nonpplirmt^rlc pubstancee that are dried 
9^ ,""5'^^'®? the materli^lB contained In the 

device holder. A(^dltlonally, light i^etai of elements such 

as Potassium., Lithium, Spdium, a Calcium may be utilized to 
treat red l^lopd. cecils b^^^^^ separation process. 

. ; i ""terial^ which ^ay^ be used, in t»ie holder for treatment by 
or containment of these cheraicals. can be composed of woven, 
nonwoven, napped, or flocked materials. 
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A wide variety of analytea can be det rm^jped by using the 
disclosed apparatus. Examples are given In tables I and II, 

Infra. - • ; ■ ;, / , ' ~ . •■ ' ' 

Further, given the siaall size and robust nature of the 
reagent strips and instrumentation, analyses need not be limited 
to traditional clinical labot-atory settingsi The device of .the 
present invention is also alTOple enough to be used by people 
with minimal or no chemical or medical technolooy training. 
This advantage allows use at home, or by mobile health care 
delivery people. Examples of this are diabetics that must 
monitor, theiBS Ely as for glucose and ketone bodies, patients on 
homo dialysis aho would benefit by monitoring of urea nitrogen 
and people endeavoring toi iowar their cholesterol levels. 

.Furtherv by combining several .different' reagents on a 
single support, a panel of tests may be done/ Ekamples of this 
<would be a Oliver panel consisting of XLT, AST, Alkaline 
Phosphates. A diabetic panel might consist of glucose, beta 
hydroxybutryrate and glycated hemoglobin. A coagulation panel 
might consist of Prothrombin time, ACTT, and ACT. 

FAMILIES OF AMALYTES BY STRUCTURE 



- jT b] m JL X t i. 

carbohydrate ^ 


glucos@» lactose, galactose 


Nitrogen Moiety 


ursa nitrogen, creatinine, uric acid 


Lipid \ 


cholesterol, triglycerides, LDL, HDL 


Snzyme : ' ' *■ 


ALT, AST, Alkaline Phosphatase, CPK, CK-HB 


Hormone- y - - " 




Therapeutic Drugs 


th^ophyllina ) 


Drugs of abuses ^■ 


X cocaine, marijuana, ^ barbiturates, 
salicylates ' 


Electrolyte 
Nucleic Acids 


Ha"", k\ Cl^i Li^^CO^ 

infecti us disease, for nsic applications, 
genetic disorders 
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FAMILIES OF ANALYTES BY DISEASE 



Disease 



Examples 

hydroxy bi 




The following Illustrative exain|.l^ tefeth Various 
combinations of^ buf^ter^,^ d/es,. stabilisers ^nd ether reactive 
and .functlonal, qpmppnenfcsT Which, may i>e combined by a person 
, . ha^ing,Q^dlnpr^^ into the ..ystem test reaction 

t .-^rab^e « .glyes various, types Idycs «hd ^Indicators used in 
- ^ diagnostic, reagents-. 
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Example :/i 

Glucose measuring system 
TABLE TTT 



Glucoee Dxlclase 


reactantru 


25, 000 - 


Sigma Chemicals, 
St. Louis, MO 


Peroxidase - , 


reactant 


'75^000 


Sigma Chemicals, 
St. Louis, HO 


Isllwat 7500 n * 


Burfactant,: 


i ^.lOml 


Dowr-Corning, 
Midland, MI 


PVP R 30 


enzyme^ . . . 
stablllserv; 


p «-50gms - 

J : 9 L' "ji- i"V r, 


ISP, Linden, NJ 

, 


Citric .Acid, . , 


Buffer: 

system - ] : ■/ 


i;, 25gm3.:> 


Aldrich Chemical, 
Milwaukee, wi 


Sodium citrate 


Buffer " 
system _ 


i;0.l0ml ^ 


D wrCbrning, "j 
Midland, MI 


DOW 1520 


ant 1 foam 


; 1 . OOgms 


Aldrich Chemical, 
Milwaukee, HI 
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4 AAP 


chromophor 


0. 25gm9 


Aldrich Chemical, 
Milwaukee, wi 


3,5 DCHBS 


W *• iM n 

cnFoinopnoL 


0 . 250198 


Boehringer Mannheia 


Distilled 11^0 


kolvent 


QS to lOOml 
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Preparation: Approxinately SOial of distilled H^O was placed in 
a beaker on a stirring plate. A magnetic bar was added and- the 
ingredients added sequential|ly after the previous gradient was 
dissolved and dispersed. After all ingredients were added the 
volume was adjusted toiobmlibf distilled HjO. 



Triglycerides measuring eysten 

TRIGLYCERIDES +- HiO fiia^^ '"A"^ '^CIDS 

GLYCEROL ATP P!"^^ ^^^^^^ L - ALPHA > GLYCEROPIfbsPHATE + H^O, 
H,C^ : 4^A^ CIIROMOPHORE 



TABLE IV 

Ingredient 



Function 



Amount 



Available from 



Cholesterol esterase 



glycerol kinase 



glycerophosphate 
oxidase 



peroxidase 



4 AAP 



3, 5 DCIIBS 



MES 



PVP K30 



glucose 



triton X-100 
Distilled 



reactant 



reactant 



reactant 



reactant 



chromogen 



15,000 units 



^ 5, 000 units 



5,000 units 



5,000 units 



Sh inko~Amer ican , 
M.y., M.Y, 



Sh inko-Amer ican , 
N»Y*, N»Y» 



Sh inko- Amer ican , 
K*Y«, N«Y«* 



l.oogm 



chromogen , 



buffer 



stabiliser 



filler 



surfactant 
solvent 



0.25gTO 



2.509m 



O.SOgm 



2 . SOgm. 



O.lOgm 
QS to lOOittl 



Sh inko-Amer ican « 
H.Y,, H.Y. 



Aldrich 



Boehringer 
Mannheim 



Research 
Organica 



ISP, 



Sigma 



Boehringer 
Mannheim 
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Preparation; ' Sane as example /i 



Example 3 



Ch lesterol meaeuring system (all amounts approximate) 
TABLE V - ■ - ' - ^ - ' ^""^ 

Ingredient Function 



Amount 



Available from 



Cholesterol Oxidase 


reactant 


10, 000 


Shinko-Amer lean , 
M . y * , N . Y . 


clioles't'eiro 1 • <»nt'or^eA 

* a» 9 ' W Jk A- > C> W CS f <C!I Cv cs 


ireacuanc. '-^ 


I -:r V-V OO-u . : v. ' 


Shinko*Amer ican , 
M.Y. ,H.Y. 


sodium phosphate 
0.5 M.^ pH 7,0 ' 


buffer 


750 ml 


Dow-Corning, 


B • S • A « 


surfactant 


15 gm 


Aldrlch Chemical/ 


peroxidase 


reactant 


170,000^ ^i^c 


Shinko-Amerlcan , 


DOSS 


surfactant 


^ 7^; Obgms^--v 


Dbehringer 
Mannheim 


sucrose 

. r" ^ m / : " : 


stabilizer 


1.0 gms 


Sigma Chemicals, 


TMB _ 


chromogen 


10.0 gms 


Aldrlch Chemical, 


Distilled II^O 


solvent 


QS to 100 ml 





Preparation: ^ same as: example /I 



; Alternatively, the chromogen may be prepared in an organic 
solvent matrix and treated as a first or 2nd application to the 
membrane or paper.; c - 

TABLE VT ' VV.......; .V ^r;; 



Ingredient 




Function 


Amount 


Available from 


Ace t on e / me than b 1 


1:1 


solvent ■ 


100ml 


Aldrich 


Tetramethyl 
benezidirie 


solvent: 
chromogen 


1 • OOgm 


Biosynth Inc. , 
Chicago, IL 



Example 4 ^ • " ' ^' ^ - 

Blood Urea Nitrogen Measuring' System 
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TftBLE 'VII 



Function 



Urease . r;- 


reactant 


H,0 


solvent 


Bcomthymol blue 


chroinogen 


PVP K90 


film former 


Fructose 


filler 



Preparation: Saine as eip^rlment #1. 
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T ypes of„Tnd| c?tQES , ; :1 ' 
Chroraogenic-^substrate hr t . : - 

/.QxicSative ^.ceuplers : v.-^ 

Benzldene DjBX^lvatlves , . ■ ' 
Fluorescent labels . : 

Dye releasing systero 

'Separatioi^ mechanisms used in dfry reagents 
Cfiemicai ' Physical 



Mechanical 




gels 



coagulants 



agglutinating 
agents 



s 1 ntered porous matrix 



density gradient 
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(amine polymers - ) hollow fibers 



15 



20 



trivalent cations f membrane 



SpectroDhotQmf»t'f»r 



The present invention^ also includes use of 
spectrophotometric device 10 for determining the density of th@ 
color reaction on and in the membrane surface of the test 
5 reaction layer 32 within test strip 12. Photometric device 10 

as shown in Fig. i includes a hand-held housing 50. for 
containing electronic control circuitry for operating the 
aforementioned tests. in the embodiment shown-ih^ Fig. l, a test 
strip holding region 52 is located-abo<^feC'fc^^^^ detectors 
10 or sensors 54 each disposed withlh' a^i)ort -5gi "^ During test 

operation, a test strip 12 is inserted into holding region 52 so 
that test strip openings 26 are locatW^&d^acent ports 56. 
Light sensors may take a readihg ^tfom 'Ti'gkt'^ re^^ from the 

exposed test reaction membrane ^ayer^ 32 dV test strip 12 

itself to determine its color. ^^^^ o ■ ^ : ^' 

Housing 50 further includes a speclair^^^^ device, 
such as a liquid crystal display 58. Display 58 ip utilized for 
relating test results and other information to the user. In 
particular/ a color scale 60 is used to facilitate 
interpriBtation of test results; i^^^ with 
^^9ital display segments 62. Additio^^^^^ on 
^lisplay 58 include a test wait Tlnd^ segment 8r4 to inform 

the! user to wa 1 1 whl le device is performing the selected 
-ttests, and a test name segment 66 iwhich the unit determined from 

25 the type of test strip 12 inserted. - 

" Color scale" 60 fnay; e;ti^ by "vconstructed; b^ of 
or colored segments li adjacent each other to form 
- a bar graph like iridicatbr. Electrically c ntr liable segments 
^8 are oriented over the color-or shaded segments so that when 
^® activated segments 68 become dark/ preventing 

15 
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certain colored. or ^ shaded segments 60 from' being visualized or 
view d« Segments 66, that, are not .activated: permit the 
underlying col red or shaded segments of cpl r.scale 60 to be 
visualized. In this way it is possible for an .electronic 
5 control to permit only a, single cplpred or^- shaded segment t be 

viewed thereby communicating test results. 

A possible result range. spectttum foi^ color scale indication 
segments may include particular colors, with .particular test 
result meanings such as: ^ ^ „ . 
10 Very high, result danger,^ RED . 

high result danger,. HED - - 
high result caution, ..YELLOW 
high result caution.,, YELLOW r 
high normal result, . GREER ^ :. , • : 
15 normal . result , GREEN^ I . ;^ I trc 

normal result, GREEN . „i ,; ^^ tun- -' 

low normal result, GREEH,. ^ ^ 
low result caution,, YELLOW 
low result caution, YELLOW . 
20 very low result danger, RED. . 

Color scale 60 permits an unsophisticated, user to instantly 
visually determine, .in pne embodiment, if a .test result is 
normal (a green segment .visualized) , slightly ab^ (a yellow 

segment visualized) or ,()^nger.pus ..h or low result (a red 
25 segment visua:|.ized) . Alternatively, if a color liquid crystal 

display is utilized, the el ep^^^^ unit 10 may 

directly indicate a colpred segment, rather. than covering all 
but one colored segment^ . - . , . 

A suitable instrument, such as .dif fuse ref lectance 
30 spectrophotometer, 10 with ^^^^^^ made to 

automatically read reflectance at certain points In time, 
calculate the rate of xreflectance change,, and by using 
callbrati n factors and software, output the level of analyte In 

16 
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the. fluid teste*. The eie'ctrohid bb^feroi nechanlsn of 
-^Photometric unit 10^ is sHowA in iichematic'forn in Fig. 5. one 
' 'ov j^^ore li^M £6xxrc6B 70^ for exaWle high Intensity light 
enlttlng diodes (LED) are ilspbsed in i^ouslng 50 to Ulumlnete 
^ test. strip r2 as shown by irrows 7i, " X light detector or sensor 
54, for example a photo transistor, is able to take a reading f 
light: reflected either froii the surface of test strip 12 or fro. 
: Its assboiated test reWtion VebiiVane 3 Light source 70 and 
light sensor 54 can be adap'tea to generate oir respond to 
particular wavelengths of^ii^h^. '^ " 

sensor 70 trahsmlfer a' sigh'art^-^an amplifier 74 as is kn wn 
In the art. '6ne-t:yp.i of a;^^^^ f„ 

example, a linear Integrated WlVdult converts the 
phototranslstoir bijt^rewy W i Vbli^^^e fel^nal . 

Appropriate el^^it' kii^ii^ris utilized to take the 
output Of ampllfler^i; riorm^iJy a -s^^^^^^^ and hold unit 76, and 
transfer the sighail to 8h dnaiog-::to-dlg^^^^ converter 78. 
Analog-to-digitai cbnv6rte^^ takes We Analog voltage output from 
the sample and hold' unit Ve^i^d cbhVerts it to, for example a 16 
bit binary digital number upoh command of a microprocessor/ 
microcontroller unit 80. ' - * ' ' 

Preferably an eladtirohic mlcroprocesWor/microM eo 
utilizing digital integrated circuitry Is used t^^ time seiected 
tests, read signals, and -together Vith 'asi^^^^ programs and 

data memory 82 , calculktW^ i»kd Btot^b r^n^ctivlty Valves and 
calculate aniiyte leVWl^'^ if rbin W'stbr4d' data;^ 
^ • Additional IhfbrTni'tion'^ for' part ica^ be stored 

in a removable EEPROM unit 84 opeM^^^ to 
nicroprocessor/iiilo^^oOontrbii« is an 

Interchangeable plug-in Wmb^y' Wdul^^^^ 

parameters, software, calibration data, ahi reagent recognition 
data for plartlcular test strl|>s 12. Additionally, EEPROM unit 
84 contains the shelf life data and identity verification 
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lnfor..ti „:,6r P.rtl=al.r proaoctlon run. or t t. o. t..t 
Strips az."^' 

A no- hv the color coding the 
Automated let codxng is d by tne c 

■ . 4- c-t Btrio Holder 12, The 

plastic material us d to make the t st strip n 

color used in test strip .older 12 preferably has 16 different 
densities that can be diatingulshed by «t least one of the 
wavelengths used in the optical sensor head 54 of instrument 10. 
For. instance the ^dyn^mi. range of the % ref lectances of the 

i-. follows to determine the 

strip holder color could be as follows 

;dlf ferent shades of color density: 

^ . . ' , • j i 

IReflfistanca: •^Reflectance " ' " 'Lot*' 
Green LEO Red LED 



•. . .. 1- 

.70- ■ - - 2 

■'55' V - ■ 4 

50 ■■■ ■ '5' 

•45-. ■■- 6 

40 ,., , . .; •■ •■ - i 
' 33 8 



70 
65 
60' 
55 
SO 
45 

to 

35 



10 
11 
12 
13 
14 
15 
16 



.H. .«ip. «. in...t.. into aevic. »,tH. ln.tru..«t 

...t . .trip » ... b..n i„..rt.a into tn. ln.tru..nt 1. X. 
t.. .ln.tru..nt a.t.ct. tH. l„..rtlon c£ . t..t .trip ». It 

„.a. t.e aen.ltl.. if .i l...t on. o, tn. LB,'. 

t.. lot n„...r t.. .-V. t.«., 

t.. EEPKOH pert c.n„.=tea to ,lcroproc...or / .lcroco„troll.r 
.Hlc. H.:-.n EE^ROH unit a., ln..rt.-, ln.tn.«nt 1. ch.c.. t 
... t..t tJe cm,o« pr...l.=t.a lot nu..«r U th. «• l-t 

„„...r o, t..t .tri; U t..t H.a «.n 

ln.tr«..nt. X. tH. 1 t nu^r. .r. tn. ^''^^ 

.EPROH .4. .tH. ln.tru..nt .ownl..- ln«.r«tlon 
cont.ln.a in tH. EBPPOH .n. pr c..d. «itn t.. t..t .n.l,.U. 
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The. instrument 10 reads, tho- density • of. the unreacted strip to 
assure quality f the strip before the. test: is initiated, if 
: . 1"allty is parsed then the instrument instructs the user to 

. ;apply-,.jB. sample-. . .. . , . r i 

A sample, is then ,applie<l and inaitrument .10. begins a 
, itteasurement cycle to .ensure that, the, proper, amount of sample was 
_ applie^ . to the test; strip. . ..When the, ij»strument-has determined 
that enough ^ample has been.-applled. it then, goes into another 
pycle, to measure -the end ef uthe . chemistry reaction. When the 
end of the chemistijy. .ri^Miqtipn has iPC5<;urred,.-.*hen the instrument 
measures the final density and compares it to a measurement 
algorithm stored in EEPRPH, ^plt 7 B 4 . •Hti«: tnea'surement algorithm 
then determines the concentration of the test to be measured by 
comparing; the measured density (darkness) of the color formed 
and conpardng this density number to a table; of values through 
the use of- an algorithm stored in the EEPROM^unit 84. 

After a particular test strip is selected and placed in the 
unit, a sample, normally a whole blood sample from a fingertip 
or from a pipiter tip (which could have gotten its aample from a 
tube of blood as in a laboratory type situation) la applied to 
the sample application spot, opening 24, on test strip 12. A 
dispersement layer 28 causes the sample to quickly spread over 
the entire area of carrier layer 14. The separation layer 30 f 
the test strip spot Is allowed to seiaarate out the solids (red 
blood cells and other ana lyte disrupting elements) from the 
liquid (plasma or sera or other anatlyte containing portion) . 
The separated fluid, i.e the plasma, sera, or other analyte 
containing portions, moves to the test reaction membrane layer 
32 below the separation membrane '36.' The above fluid migration 
causes the reactants (analytes Isuch as glucose) in the sample t 
come into contact with the reactants' in test" react! n membrane 
layer 32. ■ ' ^ - : .. . ' 
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Analytes/fluid contacts reagent layer reaction 32 and 
initiates an appearance or disappearance of color, depending on 
Its particular reaction. The above presentation, of analyt to 
the reaction layer 32 causes the desired reacM n t occur. 
5 This reaction causes a color change that can be detected both 

visually and by the inatrument^ color change is then 

converted, into a digital, result on, the, instruwent LCD as 
descrlbed ,abqve, , ,,JV cqinparispo color chart can b^ used to 
visually determine a^^^!?ctlon quantity scale a;S in litmus paper. 
XO instrument ,10, can usse different wavelengths at different 

density, portions of the reaction to maximize the dynamic range 
of thjB chepiBtry, and the, limits, o^ the instrument at a 

particular wavelength. .. ^j. . • • 

The, "end-point" of the reaction is defined as a point where 

15 there appears. to b^. no qhange or a in density. 

That is. the chemistry . changes color proportional .to the 
concentration of the reactance that has come into contact with 
the reactance ii^aterlal? in the test pad (membrane). This small 
amount of chi^nge can be a chaiige per time period, hn example 

20 would be as per the , graph in Fig. 6. Detailed Information used 

to generete this graph is that the changes per 5 second time 
period during the beginning of the test reaction would be 
greater than 5» reflectance per 5 second tine period. When this 
change is less, than 1% reflectance per time period it can be 

25 said that the reaction is complete or at an endpolnt. The 

Instrument stores this percentage reflectance at this time and 
uses as above to determine the concentration of the analyte 

tested for in the . test strip.. 

The KubelkarMonk equation of ,K^^ 
30 by (2 X reflectance) .can be used to Unearize the percentage 

reflectance value^., This, ll..earizat ion simplifies the algorlth- 
necessary to calculate results, This pseudo endp int chemistry 
allows a m re stable read time, which. in turn allows for a .or. 
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reprbdublble ankwer. PWdo endpbints also permit a nore rapid 
«say to be performed. Certain other glucose monitoring syeteme 
irtcoirporate prfe^-d termlned timing circuit. This pseudo endp Int 
allows for a iilfferent W#thbd to be used in measuring chemistry 
■■■ 5 • reactions. ptrovid'6d ' ohe can^ detfeVkin^ the endpdiht of the 

cheiiistt'y by a method bthtft' than' tifail^^^^^^^ 

' '^^^^P'^^^^^^^^^^^^y^ vktih tb -inhahc^ the dynamic range 
of a- chemistry: ThiS' is-ptrtlSularli^ 'ii *ihen one uses a 

multiple chromopho^i-'e indigato^ systein as db e'oriii of the above 
10' ineritfbried ch^'-i^t^fi^^^.- '^Eariy pbVtfiVi^ or io^^ , 

a t48t such as glucose can 'ulSe a «aW^iiY,gV ^fhliicator such as 
TMB to increase sentfil^lVity ^irj th^' TcTw^ Wnga of the 

chemistry. When the test condWtVati^h 1^ 'hlghe'r or the 
teactioh fasted; ^ aiffi'jf^n^ upon to 

^^'ete^rriihW^'mbre d^nafeic >^ ithe^ipi^^viSui chromophore. 

■' "^^Wltf k4i<^;>ii^^^ o^ rahg^'by'tWo different 

'" inethods.'''"" ' '-^''-^ ' ■''<■ nc; ' .> j=v .. c- .; ■ 

one can aisb Use 'Wa^^llngithS'bn thi' F^eak' f br more dynamic 
range and waVeleri^thV of f " the ••'^eaR'"^'"a^^^^^ test 
system to eriiiance or reduce dynamic ran^e and 'also to enhance r 
reduce^ the "pseudo eridfibirit" iaTgbrithms. " Manipulation 6f these 
four factors, chromophbre Arbhrorabphbre b/ waveie i and 

wavelength 2 can allbw one Vb better define t^je "pseudo end- 
pbint* algorithm and iaiBb alfbw one to optimize the dynamic 
range of the chemistry Which In feiith ffllbws for' ihcrsased 
sensitivity throughout the^ chemistYir r^^ict^^^^ range with greater 
precision.' '' '''''' ^ ' 

Multiple wavelengths' can aiso'be u^od' with different angles 
of emission to correct pbssiblepr^ 

strip In the instrument. ' If thb' disti^ctbr is et ~ angle kiid 
the emitters of the same or'' dlfferant wavelengths are at 
different angels (one at 4'o» and one at SO*)' the tilting of a 
surface will positively eohtribute to one reading while the 
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other cohtrlbut^-a in a negative manner thus cancelling the error 
presented by the angle presentation of the surface. These sa»e 
• „^asure«ei,ts- methods' cin be used to eliminate interferences from 
substances' sUch as biiirubln and Others. When the angle of 
5 ' light incidence is increased from impr per positioning of a 

chemistry tead surface to the Instrument optics, errors of both 
gloss and angularity are introduced into the measuring system 
and can give false low readings. 

1. indicators and chromogens advantageously used in combination 

a. wide range pll test 

eromothymol blue and methyl red covers pH range of 5 

through 9 

b. 4 amino antipyrine +3,5 dichlorohydroxybenzene 
15 sulfonate (4AAP+3,5 DCHBS) 

c. TMB+Chromotropic acid 

d. syrlngaldazine + Vanillin Azlne 

2. color coding for test and lot identification 
a. blues, 16 different shades (density) 

20 b. reds, 16 different shades (density) 

greens. 16 different shades (density) 
yellows, 16 different shades (density) 

e. oranges, 16 different shades (density) 

f. browns, 16 different shades (density) 
magentas. 16 different shades (density) 
light blues. 16 different shades (density) 

i. light reds. 16 different shades (density) 

j. light greens. 16 different shades (density) 

k. light browns. 16 different shades (density) 

30 1. light magentas. 16 different shades (density) 

». cyan.- 16 different shades (density) 



c. 
d. 



25 9- 
h. 
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^/^9^t cyan, 16 different ^ehades (density) 

appreciated that ^ is presented by 

'''^^ ^.^y ctt ^»ny limitation, and 

J'^^*: .Y^^^^V^ ^P!^, modifications way be made to the 

without departing from the spirit and 

scope of the Invention. 
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' WHAT IS'CLXlHfib'lS! • 

• 1. - A diagn Stic test strip for use tri^n analyzer for 
measuring ana lyte in a sample/ said test strip comprising: 

an Elongate body Including a first end, a second end, 
and a hinged portion between said first and second ends, said 
5 first end being foldable over said iaody, said first end and said 

second end each having ' 4n opening that are aligned when said 
. •first end' is folded; ''and 
. * * ah ficiihe'siveiess carifler layer disposed without 

- i * compression between said f first iind and said body whereby sample 
10 co^mun-iaateil tb said carrier layer is prevented from pooling 

' ' withih'' s^l'd "c'afrri'e^^^ 

2. The test strip of Claim 1 in which said carrier layer 

inciuaes-a separating^ layer thU^ to « 

sample excludes red blbod ceils frofe passing therethrough while 

allowing' €he^^iiquld portion of the who Iti blood' sample to pass 

S .-;;.:;.. ••"th'erethrough." ■ " ' ' "' ' ' 

3. The tekt strip of Claim r havihg a carrier layer 

utilizing samples ^in the range of 2.0ul to lO.oul to generat a 
reaction to accurately test a selected analyte. 

4. - The test strip of claim 1 in which said carrier layer 

includes: ■ • •■ ■ 

a separating layer that when exposed to a sample 
liquia having both analytes' ahd analyte disrupting elements said 

5 separating layer excludes said analyte disrupting elements from 

passing therethrough while allowing the analyte portion of the 
sample liquid to ^pese therethrough; arid ^■ 

via ;teet 'reaction separating 
layer that Creates ^tf gradi^iiit color dependant on the 
10 concentration of selected analytes In the analyte portion that 

^ had passed through said separating layer. 

5. The test strili of Claim 1 In which said carrier layer 
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Includes a spreading layer over said separating layer to cause 
, sanple to substantially evenly enter said separating layer. 

6. The test strip _f Claim 1. in, which said carrier layer 
nay test more than^ one .analy,te. ^t:. ne^ time. 

7. .. Thp test ptrip of. Plain 1 body includes 
* »«W,iopk,)fogether. s oaid body. 

i ' p .A diagnpsUq tppt^^strip fqr .use ln,,an analyzer for" 

measuring analyte in a saBi,|,e, ..^ald. test. atrip comprisingt 

c v - ®^°"?"<^^^i<?°^y£4n^"4+^9; *,:'i"t end, a second end, 
and a hi,ijge<?^ Rort ipn ^i^msn, ,aai^d first ^nd ^^Bpond ends , aa id 
first end b^eijig f.flldabA^^ .o,v^er ;S^id body^. ,sai4,^irst end and said 
second end each having f^P.^P^p Lxig^ ^he^t ,ff^ t^l^gned when said 
first end. is folded;,. . . 

f >:i . or^ between said 

v-l^t?;^*^ f0^a^???J ^o<?y, of ^^aid-^car^l^i- .layer whereby the 

- :.-^^^^^.,^t f.^sured,analytea,-Js .increased; . . , 

non-compressive means holding ^aid, carr^ler layer in 
place between sale?, f irst, end and said -body whereby pooling of 
sample within said carrier , is prevented. ; , 

9- _ r^he test strip, of Claim .8 in which said non- 
compressive„ means cpmprl^se .protrusions, to locate said carrier 
layer in place whereby said carrier layer is nalntalned in known 
locations along jthe, X, y a.nd ,9:axls. . ; 

10. The, test strip, of Claim i 8, in whi^^^^ said non- 
oompressive; means'- comprise, sawtooth .protrusions to locate said 
carrier layer in, place whereby said .carrier layer is maintained 
in known locations along . the X,.,,^ , and Z:axls. 

J.l. r The test strip of .Claim ,8 .in .which said separation 
layer is treated with light :-me.tal .aaits to reduce red blood 
cells in the sample. 

12. The test strip of Claim 8 in which said first end 
f Ids over said carrier layer and 1 pks to said body causing the 
layers of said carrier layer t be in adjacent contact without 
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adhaaives or compression whereby Efficient separation of red 
bio d. cells from plasma In wh&le blood samples'.' 

13. - The test strip of Claim 1 further comprising a tab and 
an pening one of which on said first end the other n said 
second end. so that when said first nd folds int contact with 
said body, said tab interfits with said opening to lock said 
.first end.. with said -bedly.-' • 

14. : A\ cheaiotry meaBurement system comprising: 

a test instrument with a light source and light 



rdlaghbotic'test atrip for use in analyzing a sample, 
an elonga^te^body includirsg-a first end, a second end, and a 
: hinged portion between ^^aid first ahd second ends, said first 
, end being foldable^ over said body,- said first end and said 

second end each having an opening that^ are aligned when said 
. first end is folded, said test strip having ah adhesive less 
carrier layer disposed without compreaa ion between said first 
end and said body, said opening adapted to receive said sample; 

an electronic control for computing particular test 
results on light Incident on said light sensor that was 

reflected- from said test strip; and 

- display means for displaying said test results. 

. 15. The measurement system of Claim 14 in which a 

plurality of test strips are utilized for particular chemical 

tests, said test strips color coded for identification of which 

said particular cheiBlckl test said test strip is operable. 

16. The measurement system of Claim 15 In which a 

plurality of test strips ^are utilized for particular chemical 

teats, said test strips color *6ded for identification of aald 

particular chfemical test for Which said test strip is operable 

and I t designator, said light aenHor sensing said color of ..Id 

test atrip when said strip' is inserted into aald teat Inatrument 

and sending a cSded signal t aald electronic c ntrol, aald 
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.-^*«°t^P"A<= control determining the type .of test and lot 
designator or, Inserted -test, strip, aTid, denying: test operation 
yhen said lot. designator Is not,, w.« thin predefined limits. 
. ,17. A, chemistry measurement syst«m.of claim 16 In which 
said system tests for more than one, cnalyte with a single test 
strip. , -- .. . ... • 

18. A chemistry measurement system comprlBlng: 
. ; . a. test, Instrument with, a light source and light 



, sensor; 



a color coded diagnostic test strlp^^eor use in 
analyzing a sa^pi^^ . ^^.^ ^^^^^^ .^^^^^^ elongate body including 
a first end., a second , en.! ; =and-tf hinged ipgr.t ion between said 
first .and, qecond en^a.,iS8id-£lT,s.fc.fe ^^^^ ^^^^ 

. »'«^yr:L?»i4 /f i,«t^ ^^^^^^^ having an opening 

that. are,, aligned when,.8ald fdrst, end.4s folded, said test strip 
. .havsing an? carrier, layer disposed .without compression between 

said: first end and, said, body, ^eald first rend opening adapted t 
; receive- said sample; ^, ..j. < i-, ,,=,„-,• 

®^«°tronlc control for computing particular test 
results on light incident on .said li^ht sensor that was 
reflected from said test; ^strlp., .said .control determining from 
sald.color.of said test .strip, ifc, said, test strip ie from a 
part icular product Ipnc lot, said, control operating said teat 
operation only if said test, strip is, from a preselected 
production, lot; and .: ^ > , . ^r^^ -,-,^ . 

V 3 dleplay means, for; displaying said test results If said 
..test is .conducted.- - , ; ^ ^ - s. 

; 19. , A chemistry,. moasuremenfe eysberarcpmprislng: 
"^.^s* Anstrument With; a^^ 
sensor, said light source .emitting at mulitlple angles and 

multiple wavelengths; , , . 

a diagnostic .test ^^trlp f r use in analysing a sample, 
said test strip: comprising an elongate body> jincluding a first 
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end; a secotid end, and a hinged portion between said first and 
sec nd ends, "said first end being foldable ver said body, said 
test strip having an adhesiveless carrier layer disposed with ut 
compression between said first end and said b dy; 

an electronic control for computing particular test 
results'on light incident on said light sensor that was 
reflected from said test strip; and 

' ' 'display means' for displaying said test results. 

20. The chemistry measurement system of Claim 19 in which 
■said eleeferonlc control includes a removable erasable 
programmable read only memory unit cohtaining lot number data 
and exVira^tfon data for particularly chemical tests. 

21. A liquid crystal display matrix for a hand-held 
chemistry measuring system, said display matrix comprising: 

a display screen having a plurality of shaded segments 
arranged adjacent each other; 

a plurality of controllable segments disposed within 
said screen oriented over said shaded segments, said 
controllable segments preventing visualisation of said shaded 
segments when activated and permitting visualization of said 
shaded segments when deactivated whereby results from said 
chemistry measuring system are communicated by visualizing 
selected shaded segments. 

22. The liquid crystal display of Claim 21 in which said 
shaded segments are aligned In a line forming a substantial bar 

graph indicator. 

23. The liquid crystal display of Claim 21 In which said 
shaded segments are colored to indicate selected results from 
said blood chemistry measuring system. 

24. A method of testing analyte in a sample comprising the 

steps of : 

providing a chemistry measurement system having a 
light sensor, test display, colored diagnostic test strips f r 

2B 
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"T^*: •••*!?.-f"*<'.^???«=.«t«^ip having an 
- »'!?«-lveless carrier layer atta'qied' V^thout 'co»pr«s.lon to 
teat strip; 

. . . . ?,^«f^«trlp pf a.predete^^^ color 

predetermined test; 

'^fP^^^^i"^ test: s^^^ 
selected test strip; 

: .Z''^"*'^"?:?'*^!*^^^^ s«ld meaeureiaent 

system; 

, , the 
predetermined test; and 

displaying test results on^s^^^^ 
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